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Barkley  Dam  Relocation — Illinois  Central  Railroad 

By  W.  W.  ARNETT 

Project    Engineer,    Illinois    Central    Railroad 

INTRODUCTION 

The  River  and  Harbor  Act,  1954,  68  Statute  1248,  included  authorization  for  the 
construction  of  Barkley  Dam  on  the  Cumberland  River  near  Grand  Rivers,  Ky.  The 
authorization  provided  for  a  multipurpose  project  for  navigation,  flood  control  and 
hydroelectric  power,  consisting  of  a  high  dam,  lock  and  power  plant  at  Mile  30.5  on  the 
lower  Cumberland  River  and  a  canal  connecting  the  proposed  reservoir  with  a  reservoir 
at  Kentucky  Dam  on  the  Tennessee  River. 

Barkley  Reservoir  as  proposed  under  the  River  and  Harbor  Act  of  1954  required 
the  relocation  of  all  Illinois  Central  Railroad  facilities  from  a  point  2  miles  west  of  the 
Cumberland  River  to  a  point  10  miles  east  of  this  river.  The  project  was  estimated  to 
cost   $145,000,000,   which   included   $6,920,OOa  for   changes   in   Illinois   Central   facilities. 

GENERAL 

The  general  topography  of  the  terrain  traversed  by  relocated  railroad  facilities  is 
rolling  to  hilly  and  the  entire  area,  except  a  portion  west  of  the  Cumberland  River,  is 
above  the  maximum  reservoir  elevation.  The  geological  formation  west  of  the  Cumber- 
land River  is  principally  reddish  white  clay  and  gravel,  and  the  materials  encountered 
east  of  the  river  for  the  most  part  consist  of  reddish  clay  and  gravel  with  some  cherty 
material. 

Due  to  the  rolling  terrain,  numerous  ascending  and  descending  grades  were  neces- 
sary in  order  to  approximately  balance  the  cut  and  fill  quantities,  although  the  gradient 
of  the  relocated  track  rises  from  a  sea  level  datum  elevation  of  approximately  385  near 
the  west  end  of  the  project  to  an  elevation  of  567  near  the  east  end  of  the  relocation. 
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A  maximum  grade  of  0.5  percent  was  used  throughout  the  relocated  facility  with 
the  exception  of  a  9200-ft  section  immediately  east  of  Barkley  Dam.  The  railroad 
elected  to  use  a  0.7-percent  grade  ascending  eastward  at  this  location  to  avoid  excessive 
grading.  Since  all  eastbound  train  tonnage  is  lighter  than  westbound  movements,  the 
use  of  a  0.7-percent  grade  does  not  affect  the  ruling  or  maximum  grade  on  the  operating 
district. 

The  relocated  main  track,  which  crosses  the  Cumberland  River  on  a  concrete  and 
steel  bridge  supported  on  Barkley  Dam,  is  a  single  main  with  the  exception  of  10,000  ft 
of  second  main  immediately  east  of  the  river. 

The  main  track  has  seven  horizontal  curves  with  a  total  curvature  of  213  deg 
56  min.  The  minimum  degree  of  curve  is  0  deg  30  min  and  the  maximum,  4  deg  00  min. 
The  maximum  curve  is  near  the  west  end  of  the  project  and  was  necessary  in  order  to 
route  the  main  track  across  Barkley  Dam,  which  is  approximately  one  mile  downstream 
from   the   existing   Cumberland   River   railroad  bridge. 

It  was  necessary  to  estabUsh  4  public  grade  crossings  and  25  private  grade  crossings 
along  the  relocated  tracks.  Also,  8  grade  separations  were  constructed  involving  various 
federal,  state  and  county  highways. 

Only  two  industries  were  affected  by  the  relocation,  one  of  which  was  abandoned 
because  of  inundation  of  farm  land  by  Barkley  Reservoir,  but  it  was  necessary  to 
relocate  facihties  serving  a   rail-to-water,   coal-transfer  terminal. 

The  coal-transfer  facility,  located  on  Kentucky  Lake,  began  operation  in  1952  and 
has  a  capacity  for  transferring  approximately  300  railroad  cars  of  coal  daily  direct  to 
river  barges.  The  facilities  consist  of  lead  tracks,  load  yard,  empty  yard  and  bridge 
where  coal  is  dumped  into  barges. 

Prior  to  the  beginning  of  relocation,  the  existing  tracks  served  the  towns  of  Kut- 
tawa,  Eddyville  and  Grand  Rivers  in  Kentucky.  Since  the  relocated  route  by-passed 
Kuttawa  and  Eddyville,  the  freight  depot  at  Eddyville  was  relocated  to  a  new  site, 
which  was  designated  Fairview,  Ky.  The  freight  agency  at  Kuttawa  was  closed  during 
the  construction  account  of  decHne  in  business,  and  the  facility  at  Grand  Rivers  was 
moved  to  a  new  site  adjacent  to  the  relocated  tracks. 

The  completed,  relocated  track  facilities  consist  of  16.3  miles  of  main  track  and 
1.9  miles  of  second  main,  totaling  18.2  miles.  An  existing  siding  known  as  Gravel  Switch 
was  extended  1  mile  to  provide  a  siding  1.8  miles  long  west  of  the  Cumberland  River, 
and  two  business  tracks,  one  0.2  mile  and  the  other  0.5  mile  in  length,  were  provided 
at  Grand  Rivers  and  Fairview,  respectively. 

The  relocated  tracks  to  serve  the  coal-transfer  facility  consist  of  two  lead  tracks, 
a  storage  track,  a  crossover  and  a  wye  track,  totaling  4.6  track  miles. 

PRELIMINARY  PLANNING 

Due  to  the  extremely  tight  schedule,  in  August  1960  the  railroad  began  assembling 
engineering  personnel  from  various  divisions  and  employing  additional  personnel  as 
available.  In  addition,  two  survey  parties  were  furnished  by  a  private  engineering  firm. 
In  all  as  many  as  22  field  engineering  personnel  were  engaged  in  this  phase  of  the  work 
at  the  time  of  peak  employment. 

It  was  necessary  for  the  railroad  to  negotiate  with  and  enter  into  agreements  with 
various  owning  agencies  covering  relocation  of  utility  c()mpan>'  facilities  and  state  and 
county   highways  affected   by   the   track   relocation. 

Although  numerous  minor  revisions  in  plans  and  related  data  continued  until  the 
construction   contract   was  awarded,   final    plans,  estimates  and   specifications   for   reloca- 
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tion  of  the  railroad  west  of  the  Cumberland  River  along  the  original  survey  and  reloca- 
tion of  the  railroad  along  line  "C"  east  of  the  Cumberland  River  were  submitted  to  the 
U.  S.  Corps  of  Engineers  on  January  30,  1961.  The  final  plans  involved  approximately 
18.2  miles  of  main  track  and  approximately  6.4  miles  of  siding  and  other  tracks,  includ- 
ing approximately  4.6  miles  of  trackage  to  serve  the  coal  transfer  facility.  The  total 
cost  of  work,  for  contractural  purposes,  was  estimated  to  be  approximately  $6,000,000. 
Approximately  5  miles  of  second  main  track  were  eliminated  under  the  final  plan.  The 
railroad  agreed  to  eliminating  the  five  miles  of  second  main  on  the  basis  that  the  Corps 
of  Engineers  approved  the  extension  of  relocated  centralized  traffic  control  facilities  to 
the  east  end  of  the  project,  a  distance  of  approximately  8  miles,  at  the  Corps'  expense. 

It  was  necessary  to  write  a  complete  set  of  technical  specifications  covering  all 
aspects  of  the  work.  All  design  work  was  performed  by  Illinois  Central  forces  with  the 
exception  of  grade  separation  structures  which  were  designed  by  a  consultant  under  the 
supervision  of  the  IC  engineer  of  bridges. 

In  general,  it  can  be  said  the  final  design  and  specifications  for  the  relocated  facil- 
ities were  a  composite  of  information  based  on  standard  practice,  railroad  standards, 
AREA  recommended  practice,  and  state  and  federal  standards.  Every  effort  was  made 
to  obtain  the  most  desirable  facility  in  regard  to  economics  and  operating  features,  inso- 
far as  possible  within  the  terms  of  the  contract  with  the  Corps  of  Engineers,  particular 
consideration  being  given  to  the  provisions  of  the  contract  governing  reimbursement 
and  betterments. 

SUMMARY  OF   CONSTRUCTION  CONTRACT 

The  construction  contract,  with  certain  stipulations,  obligated  the  railroad  company 
to  undertake,  on  a  cost-reimbursable  basis,  relocation  and  adjustment  of  its  facilities, 
together  with  certain  modifications  and  relocations  of  roads  and  utility  lines  affected  by 
the  railroad  relocation,  excepting  the  construction  of  a  bridge  across  the  lock,  dam  and 
powerhouse  structures  and  certain  portions  of  the  embankment  which  were  considered 
a  part  of  the  Barkley  Dam  structure. 

The  railroad  company  agreed  to  use  materials  and  equipment  from  its  existing 
facilities  insofar  as  practical  and  economical,  it  being  understood  that  use  of  such  mate- 
rials and  equipment  was  limited  due  to  the  necessity  of  completing  and  placing  in  serv- 
ice the  relocated  tracks  prior  to  discontinuance  of  service  on  the  existing  facilities. 

The  railroad  company  agreed  to  furnish  from  its  ownership,  without  rental,  rail, 
joint  bars,  tie  plates  and  turnouts  for  all  relocated  tracks  other  than  main-line  tracks 
and  connecting  turnouts,  it  being  understood  and  agreed  that  all  such  rail,  joint  bars, 
tie  plates  and  turnouts  would  be  replaced  to  the  company  in  an  equal  amount  of  rail, 
joint  bars,  and  tie  plates  in  tons,  and  an  equal  number  of  turnouts  from  the  existing 
railroad  on  or  before  completion  of  project. 

The  contract  provided  that  the  railroad  company  procure  and  install  relay  rail, 
joint  bars,  and  tie  plates  required  for  main  tracks  and  connecting  turnouts  in  the  facil- 
ities to  be  relocated,  and  that  these  materials  were  to  be  comparable  to  materials  in  the 
existing  facilities.  The  contract  further  provided  that  in  the  event  the  railroad  company 
could  not  obtain  comparable  material  from  its  own  ownership  or  from  other  sources  after 
a  reasonable  effort  to  do  so,  the  company  could  procure  and  install  new  llS-lb  rail, 
joint  bars  and  tie  plates  for  the  main  tracks  and  connecting  turnouts  with  the  full  cost 
of  the  new  material  to  be  borne  by  the  United  States  Government. 

The  contract  provided  that  all  salvable  materials  from  the  existing  facilities  which 
were  not  utilized  in  the  relocated  facilities  would  be  removed  and  delivered  to  the  United 
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States  Government,  or  otherwise  disposed  of  as  directed  by  the  contracting  officer,  except- 
ing items  to  be  retained  by  the  railroad  company  as  a  replacement  for  loaned  materials. 
The  manner  and  extent  of  removal  and  disposal  of  all  salvable  materials  and  equipment 
to  be  mutually  determined  by  the  railroad  company  and  the  Corps  of  Engineers  at  a 
later  date. 

Under  the  terms  of  the  contract  14  turnouts  and  approximately  5  track,  miles  of  rail, 
together  with  appurtenances,  were  loaned  to  the  Government.  New  cross  ties,  switch  ties 
and  small  track  fittings  were  acquired  and  installed  at  the  expense  of  the  Government. 

The  railroad  company  agreed  to  undertake  deferred  construction  for  a  period  of 
five  years  after  the  date  operations  started  on  the  relocated  facility,  on  a  cost-reimburs- 
able basis,  it  being  understood  that  deferred  construction  meant  work  involved  after 
completion  of  the  relocation,  over  and  above  ordinary  maintenance  and  necessary  to 
stabilize  the  relocated  facilities,  to  afford  the  railroad  company  replacement  facilities 
equal  in  service  and  utility  to  the  existing  facility  being  relocated. 

On  completion  of  the  railroad  relocation,  the  railroad  company  agreed  to  quitclaim 
and  convey  to  the  Government,  subject  to  certain  stipulations,  all  of  its  rights,  title, 
and  interest  in  lands  and  remaining  facilities  of  the  existing  railroad  which  was  to  be 
relocated  and  abandoned  and  satisfy  all  taxes  due  and  payable  or  which  constitute  a 
lien  upon  the  property  at  the  time  of  conveyance. 

Under  the  terms  of  the  contract,  the  Government  agreed  to  reimburse  the  railroad 
company  for  all  cost  expended  in  connection  with  the  relocation  of  its  facilities,  such 
cost  to  include  all  items  of  expense  properly  chargeable  thereto  including,  but  not  limited 
to,  labor,  materials,  transportation,  insurance,  overhead,  supervision,  permits,  taxes, 
rental  of  tools,  equipment  and  machinery  employed  in  the  work,  together  with  such 
other  items  of  expense  as  should,  in  the  opinion  of  the  Government  contracting  officer, 
be  included  in  the  cost  of  work.  It  was  mutually  agreed  that  billing  would  be  issued  on 
a  GMA  basis. 

The  Government  agreed  to  procure  all  necessary  right-of-way  for  relocating  the 
railroad  company's  facilities  and  state  and  county  roads.  In  this  connection,  the  Gov- 
ernment agreed  to  furnish  unencumbered  title  to  all  right-of-way  lands  for  track  relo- 
cation east  of  the  Cumberland  River  and  outside  the  limits  of  Barkley  Dam  proper. 
The  remainder  of  the  right-of-way  is  to  be  conveyed  by  perpetual  easement. 

Under  terms  of  the  contract,  the  railroad  company  agreed  that  the  relocation  would 
provide  the  railroad  company  with  facilities  equal  in  service  and  utility  to  those  exist- 
ing, and  that  any  improvement  in  design,  construction  or  capacity  over  and  above  what 
was  required  to  provide  facilities  of  equal  service  and  utility  would  constitute  a  better- 
ment and  would  be  furnished  by  the  company  at  its  own  cost  and  expense. 

CONSTRUCTION   BY   CONTRACTOR 
General 

Contract  DA-40-058-CIVENG-62-1  between  the  Illinois  Central  Railroad  and 
United  States  of  America  obligated  the  railroad  company  to  perform  the  work  of  relo- 
cating its  trackage  affected  by  Barkley  Reservoir;  however,  it  was  obvious  that  the 
railroad  company  did  not  have  the  personnel  and/or  equipment  available  to  perform 
the  work.  For  this  reason  and  considering  the  scheduled  completion  date,  the  company 
elected  to  subcontract  construction   of  the  roadbed  and  appurtenances  thereto. 

The  principal  items  of  work  involved  were  2,064,717  cu  yd  of  roadway  and  borrow 
excavation,  99,262  tons  of  crushed  stone  sub-ballast,  39,864  tons  of  rip-rap,  7,720  cu  yd 
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of  reinforced  concrete,  754,017  lb  of  reinforcing  steel,  1,104,873  lb  of  structural  steel  and 
9,814  lin  ft  of  culvert  pipe  of  various  sizes  and  types. 

The  original  contractural  proposal  contained  87  separate  bid  items,  but  as  construc- 
tion progressed  it  was  necessary  to  supplement  the  agreement  with  the  general  contractor 
to  include  five  additional  pay  items.  The  total  amount  paid  the  general  contractor  for 
contract  work  was  $2,463,497.90,  which  was  only  $9,000  less  than  the  original 
engineering  estimate. 

All  work  performed  under  contract  with  the  general  contractor  was  completed  and 
formally  accepted  in  November  1963. 

Grading 

The  earth  work  for  relocation  of  track  and  roads  on  the  project  was  performed  by 
two  subcontractors;  one  subcontractor  performed  the  work  west  of  the  Cumberland 
River  and  the  second  subcontractor  performed  all  the  work  east  of  the  river. 

The  minimum  width  of  the  railroad  roadbed,  not  including  rip-rap,  for  single  track 
on  embankments  was  24  ft  for  main  track  and  22  ft  for  industrial  track  serving  the 
Badgett  rail-to-river  terminal.  The  minimum  width  at  subgrade  for  single  track  in  cuts, 
including  ditches,  was  Z2  ft.  For  each  additional  main  track  or  siding  the  width  of 
roadbed  was  increased  15  ft  and  for  other  additional  tracks  the  increase  in  width  of 
roadbed  varied  from  14  to  16  ft. 

The  minimum  cut  width  of  32  ft  provides  a  roadbed  width  of  12  ft  and  a  ditch 
area  4  ft  in  width  on  each  side  of  the  center  line. 

The  slope  of  embankments  west  of  the  Cumberland  River  was  2%  to  1  and  the 
excavation  slope  was  V%  to  1  except  for  a  short  stretch  of  main  track  which  was  above 
maximum  reservoir  elevation.  The  slope  of  embankments  for  railroad  roadbed  east  of 
the  Cumberland  River  was  T^  to  1  and  the  slope  in  excavation  was  1%  to  1.  The  lY^- 
to-1  excavation  slope  was  considered  to  be  approximately  the  same  as  slopes  in  cuts 
along  existing  railroad  to  be  relocated.  The  specifications  provided  for  a  >2-to-l  slope 
in  rock  cuts;  however,  a  very  small  percentage  of  the  excavated  material  was  rock. 

The  major  portion  of  the  construction  work  west  of  the  Cumberland  River  was  in 
the  Barkley  Reservoir  area,  and  the  embankments  there  were  constructed  on  2'J^  to  1 
slopes  to  reduce  the  possibility  of  erosion  and/or  slippage.  Also,  the  excavated  materials 
from  the  cuts  west  of  the  Cumberland  River  were  insufficient  to  construct  embank- 
ments, so  the  cuts  were  widened  and  the  slopes  flattened  to  obtain  additional  fill  mate- 
rial. Other  fill  material  was  obtained  from  designated  borrow  areas  near  the  construc- 
tion site. 

The  embankments  were  constructed  with  materials  excavated  from  roadbed  and 
borrow  areas,  and  compaction  was  obtained  by  using  tractor-drawn  sheep-foot  rollers, 
each  layer  of  fill  material  being  compacted  until  the  field  density  was  an  average  of  not 
less  than  95  percent  of  the  maximum  density  as  determined  by  the  Proctor  method. 
Special  attention  was  given  to  backfilling  and  placing  of  fill  material  adjacent  to 
structures. 

Prior  to  establishing  the  cut  and  fill  slope  ratios,  numerous  soil  samples  were  ob- 
tained and  tested  in  the  laboratory  of  the  Association  of  American  Railroads  at  Chicago. 
Subsequent  to  a  study  of  the  soil  samples,  a  representative  of  the  AAR  recommended 
design  criteria  for  establishing  widths  of  roadbed  and  fill  and  cut  slope  ratios.  The  final 
design  followed  the  AAR  recommendations  very  closely  with  the  exception  of  the  area 
east  of  the  Cumberland  River  which  is  entirely  above  Barkley  Reservoir.  In  this  area 
the  AAR  representative  recommended  providing  a  berm   12  to  15  ft  wide  on  the  slopes 
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of  the  deeper  cuts.  It  was  felt  that  this  type  of  construction  might  be  construed  as  a 
betterment;  therefore,  in  lieu  of  berms,  the  cuts  whose  depth  exceeded  20  ft  were 
widened  5  ft  on  each  side  of  the  center  line. 

The  roadbed  widths  and  cut  and  fill  slope  ratios  for  all  relocated  county  roads  and 
highways  were  in  accordance  with  the  requirements  of  the  owning  agencies  for  each 
class  and  type  of  road. 

Rip-Rap 

The  embankment  slopes  west  of  the  Cumberland  River,  which  are  in  the  reservoir 
area,  were  protected  with  a  2 -ft  blanket  of  rip-rap  extending  from  natural  ground  to 
elevation  .572  which  is  3  ft  below  the  highest  elevation  of  Barkley  Dam  spillway  gates. 
The  rip-rap  was  trucked  from  a  nearby  quarry,  dumped  on  fill  slopes,  and  placed  with 
a  bulldozer.  The  action  of  the  bulldozer  in  passing  over  the  rip-rap  partially  embedded 
the  material  in  the  new  fill  slopes,  and  a  sHght  over-run  in  quantity  was  necessary  in 
order  to  obtain  a  uniform  cover  not  less  than  2  ft  thick,  measured  normal  to  the 
embankment  slope. 

Sub-Ballast 

Prior  to  the  construction  of  track,  the  entire  roadbed  was  covered  with  a  layer  of 
sub-ballast  8  in  thick  under  all  tracks  with  the  exception  of  the  industrial  tracks  serving 
the  Badgett  rail-to-river  coal  terminal,  where  sub-ballast  was  placed  to  a  depth  of  6  in 
on  the  roadbed.  The  8-in  depth  of  sub-ballast  was  placed  in  layers  of  4  in  and  the  6-in 
depth  was  placed  in  one  layer,  although  better  results  could  be  obtained  by  placing  the 
6-in  sub -ballast  in  two  3 -in  layers. 

The  sub-ballast  consisted  of  crushed  limestone  conforming  to  current  ASTM 
specifications,  D  1241,  Type  1,  Gradation  C.  Water  was  added  to  the  sub-ballast  mate- 
rial at  the  quarry  and  during  placement  as  the  specifications  did  not  require  use  of  a 
pug-mill.  The  specifications  provided  for  compaction  of  sub-ballast  with  a  suitable 
roller  until  the  field  density  of  each  layer  was  an  average  of  not  less  than  95  percent 
of  the  maximum  density  as  determined  by  the  method  of  tests  for  moisture-density  rela- 
tions of  soils,  ASTM  designation  D  698.  The  specified  density  was  converted  to  percent 
of  solid  volume  and  the  latter  method  used  in  order  to  expedite  field  testing. 

The  railroad  company  elected  to  use  sub-ballast  for  finishing  the  subgrade  in  lieu 
of  constructing  the  upper  portion  of  the  roadbed  with  selected  materials,  as  the  prox- 
imity  of  two  large  stone  quarries  made  this  type  of  construction  economically  feasible. 

Drainage  Structures 

Reinforced  concrete  culvert  pipe  was  used  under  the  railroad  roadbed  at  waterway 
crossings  where  the  completed  structures  were  above  the  minimum  pool  elevation  of 
354  unless  the  required  waterway  opening  was  of  sufficient  size  to  prohibit  use  of  pipe 
culverts.  All  drainage  structures  below  the  minimum  pool  elevation  were  reinforced 
concrete  box  culverts.  Numerous  types  and  sizes  of  concrete  pipe  culverts  and  corru- 
gated  metal  pipe   culverts  were   used   under  the   relocated  county   roads  and  highways. 

Bridge  Structures 

A  total  of  eight  grade  separation  structures  were  constructed  in  connection  with 
the  track  relocation  project,  consisting  of  one  timber  and  steel  structure,  six  concrete 
and  steel  structures,  and  one  concrete  structure.  The  length  of  bridges  varied  from 
approximately  41   ft  to  approximately  326  ft. 
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All  railroad  bridge  structures  were  designed  to  AREA  1960  specifications  using 
Cooper  E  72  loading,  with  steam  impact;  the  structural  steel  conformed  to  the  AREA 
1960  specifications.  The  overhead  highway  bridges  were  designed  to  conform  to  the 
AASHO  1957  specifications  with  loading  ranging  from  H  15-44  to  H  20-44.  The  struc- 
tural steel  used  in  the  overhead  highway  bridges  conformed  to  the  AREA  1960 
specifications. 

Due  to  the  varying  soil  conditions  at  each  bridge  site,  several  types  of  foundation 
were  used.  One  railroad  bridge  was  constructed  on  footings  supported  on  steel  bearing 
piling,  two  railroad  bridges  were  constructed  on  spread  footings  and  at  the  fourth  rail- 
road bridge  site   the  footings  were  constructed  on  creosoted-timber  bearing  piling. 

One  overhead  highway  bridge  was  constructed  with  piers  on  spread  footing  and 
14-in  square  reinforced  concrete  bearing  piling  under  the  abutments;  one  overhead  high- 
way bridge  was  constructed  with  the  piers  and  abutments  on  14-in  square  reinforced 
concrete  bearing  piling  and  one  overhead  highway  bridge  was  constructed  with  the 
abutments  on  steel  bearing  piling  and  the  pier  foundations  resting  on  sohd  rock.  The 
fourth  overhead  highway  bridge  was  of  timber  and  steel  construction  with  framed  tim- 
ber piling  bents  placed  on  concrete  pedestals.  The  timber  and  steel  bridge  was  originally 
designed  with  pile  bents,  but  due  to  soil  conditions  the  plans  were  revised  during  con- 
struction and  concrete  pedestals  were   used  in  lieu  of  driven  piling. 

The  subcontractor  used  a  diesel  hammer  for  driving  the  major  portion  of  the  piling 
on  the  project.  While  this  type  of  hammer  is  economical  to  operate,  it  is  felt  a  steam- 
or  air-operated  hammer  gives  much  better  results,  particularly  where  piling  are  being 
driven  to  designated  bearing  values  rather  than  to  refusal. 

CONSTRUCTION    BY    ILLINOIS    CENTRAL    FORCES 
Engineering 

The  resident  personnel  of  the  engineering  force  consisted  of  a  project  engineer,  resi- 
dent engineer,  masonry  inspector,  project  accountant  and  numerous  instrumentmen, 
rodmen  and  chainmen. 

Approximately  six  months  after  beginning  the  construction  work,  two-way  radio 
communication  was  established  on  the  project.  Four  mobile  radio  units  and  one  base 
station  were  furnished  on  a  lease  basis  and  the  benefits  from  the  installation  were  excel- 
lent. The  use  of  radio  communication  not  only  resulted  in  closer  supervision  of  the 
project,  but  also  provided  a  more  efficient  operation  thereby  eliminating  the  need  for  a 
minimum  of  two  additional  employees  and  vehicles. 

Track  Structure 

All  main  tracks  and  connecting  turnouts  were  constructed  with  new  llS-lb  rail, 
and  the  side  tracks  and  spur  tracks  were  constructed  with  90-lb  and  112-lb  second- 
hand rail. 

Cross  ties  and  switch  ties  were  of  good-grade  oak  timber,  treated  and  graded  in 
accordance  with  Illinois  Central  standards  and  specifications.  The  switch  ties  were  sized, 
7  in  thick  by  9  in  wide,  and  furnished  in  lengths  to  conform  with  the  company's  turn- 
out standards.  The  cross  ties  used  in  main  track  construction  were  7  in  thick  by  9  in 
wide  by  8  ft  6  in  long,  adzed  and  bored  in  accordance  with  the  railroad's  standards  and 
specifications.  The  cross  ties  used  in  the  construction  of  sidings  and  other  tracks  were 
6  in  thick  by  8  in  wide  by  8  ft  long,  adzed  and  bored  in  accordance  with  the  railroad's 
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standards  and  specifications.  The  cross  ties  in  main  tracks,  sidings  and  other  tracks  were 
spaced  20  in  center  to  center  to  conform  with  the  railroad  standard. 

Double-shoulder  tie  plates  were  used  and  abrasion  plates  with  tie  pads  were  used 
under  all  insulated  joints  in  accordance  with  the  railroad's  standards.  Under  main  track 
construction  the  tie  plates  were  doweled  gage  width  to  the  cross  ties  at  the  treating 
plant  and  the  cross  ties  were  shipped  to  the  job  site  in  bundles  for  easier  handling  and 
distribution. 

The  ballast  used  on  all  main  tracks  and  sidings  was  slag  and  the  ballast  used  on 
all  business  tracks  and  the  coal  transfer  facility  tracks  was  crushed  limestone.  The  ballast 
was  placed  in  accordance  with  Illinois  Central's  standards  to  a  minimum  depth  of  12  in 
below  the  bottoms  of  the  cross  ties.  The  ballast  sections  were  shaped  to  conform  with 
the  railroad  standard  drawing  18.01,  single  track,  and  standard  drawing  18.01  A,  double 
track.  The  ballast  consisted  of  Illinois  Central  No.  3  standard  slag  and  crushed  lime- 
stone, graded  uniformally  in  accordance  with  railroad  specifications.  The  gradation  for 
Illinois  Central  standard  No.  3  ballast  is  the  equivalent  of  AREA  No.  4  ballast. 

The  crushed-stone  ballast  was  obtained  from  a  crushed-stone  company  at  Grand 
Rivers,  Ky.,  and  another  stone  company  at  Olaton,  Ky.  The  slag  ballast  was  purchased 
from  suppliers  at  Gary,  Ind.,  and  Birmingham,  Ala. 

Subsequent  to  execution  of  the  construction  contract,  it  was  decided  to  build  the 
main  tracks  with  welded  rail  in  lieu  of  conventional  rail.  It  was  necessary  to  secure 
approval  of  welded  rail  construction  and  the  Corps  of  Engineers  finally  agreed  to  the 
change  provided  the  cost  of  welding  joints  did  not  exceed  $9.00  per  joint.  The  rail  was 
welded  at  the  railroad  company's  system  welding  plant  at  Centralia,  111.,  and  shipped 
to  the  project  on  trains  consisting  of  30  cars,  each  train  having  a  capacity  of  approx- 
imately 4  track  miles.  The  maximum  length  of  each  string  of  welded  rail  was  1440  ft, 
with  shorter  rails  being  used  to  adjust  for  signal  and  turnout  locations. 

The  capacity  of  the  system  welding  plant  is  approximately  six  track  miles  of  rail 
each  two  weeks.  It  was  necessary  for  the  welding  plant  to  furnish  rail  for  system  main- 
tenance as  well  as  the  Barkley  Dam  track  relocation  and  since  the  track  laying  averaged 
approximately  one  track  mile  daily,  there  was  occasionally  a  time  lag  between  receipt 
of  rail  trains  at  the  project.  This  did  not  present  a  problem  as  the  interim  was  utilized 
to  complete  related  work  that  could  not  be  progressed  during  the  track-laying  opera- 
tion. The  Illinois  Central  has  utilized  welded  rail  in  its  main  tracks  at  various  locations 
for  a  number  of  years  but  the  Barkley  Dam  track  relocation  project  was  the  initial 
use  of  welded  rail  in  construction  on  a  new  roadbed;  consequently,  the  track  laying 
procedure  was  carefully  planned  several  months  in  advance  of  construction. 

Track  Laying 

The  railroad  company  began  assembling  men  and  equipment  for  track  laying  in 
July  1963  when  one  extra  gang  foreman  and  approximately  IS  laborers  were  employed. 
Another  gang  consisting  of  approximately  15  men  and  a  foreman  was  organized  in 
August  1963.  A  few  furloughed  and/or  experienced  men  were  placed  in  service  but  the 
majority  of  the  track  laying  personnel  were  inexperienced.  One  general  foreman,  special, 
was  transferred  to  the  project  as  general  forman  in  charge  of  the  track  laying  operation. 

A  speedswing  was  used  to  remove  the  welded  rail  from  the  train  and  special  24-in 
axle  extensions  were  installed  on  both  sides  of  the  machine  to  provide  tread  clearance 
outside  the  ends  of  the  cross  ties.  The  extensions  permitted  the  machine  to  maneuver 
without  disturbing  the  pre-plated  cross  ties  which  were  spaced  to  the  required  20-in 
centers  ahead  of  rail  laying. 
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The  cross  ties,  rail  anchors,  and  other  small  fittings  were  trucked  to  the  new  roadbed 
and  distributed  ahead  of  the  rail  laying.  Prior  to  removal  of  each  pair  of  rails  from  the 
train,  manufactured  rollers  were  placed  at  gage  width  on  the  cross  ties,  resting  on  lie 
plates,  at  intervals  of  40  or  50  ft  to  support  the  rails  while  they  were  being  pulled 
from  the  train.  Threader  assemblies  were  installed  on  the  end  car  of  the  rail  train  so 
that  the  rails  were  pulled  from  the  train  at  gage  width,  permitting  the  rails  to  drop  in 
place  on  the  double-shoulder  tie  plates  without  additional  handling  when  the  rollers 
were  removed. 

Immediately  following  removal  of  the  rollers  and  seating  each  pair  of  rails  ahead 
of  the  train,  every  fourth  tie  was  spiked  with  pneumatic  hand  spikers  and  the  rail  train 
was  moved  in  position  for  the  next  pull.  Tightening  of  jcints,  solid  spiking  and  applica- 
tion of  rail  anchors  followed  closely  behind  this  operation  so  that  at  the  end  of  each 
work  day  the  track  was  virtually  complete.  Four  power  spike-driving  machines  and 
two  mechanical  anchor  applicators  were  utilized,  with  two  spikers  and  one  anchor 
applicator  being  kept  in  reserve 

A  buffer  rail  was  installed  ahead  and  behind  all  insulated  joints  and  at  turnouts 
for  future  adjustments,  if  needed,  account  of  expansion  and/or  contraction.  The  buffer 
rails  varied  in  length  but  in  every  case  were  shorter  than  the  conventional  rail  length 
of  39  ft.  The  insulated  joints  and  buffer  rails  were  trucked  to  signal  sites  and  made  up 
in  place,  and  the  turnouts  were  installed  in  advance  of  the  rail  laying. 

The  rail  laying  across  the  concrete  dam  structure  was  particularly  hazardous  as  the 
width  of  the  concrete  bridge  decks  supported  on  the  dam  across  the  Cumberland  River 
and  the  clearance  at  the  bridge  girder  knee  braces  would  not  permit  normal  operation 
of  the  speedswing,  and  it  was  necessary  to  revise  the  operation  so  that  the  rails  could 
be  pulled  from  the  rail  train  across  this  portion  of  dam  with  a  minimum  effort. 

During  the  entire  rail-laying  operation  three-way  radio  communication  was  main- 
tained between  the  rail-train  locomotive  engineer,  speedswing  operator  and  the  employee 
supervising  the  rail  unloading. 

The  rail  anchoring  pattern  varied  with  the  length  of  each  string  of  welded  rail. 
On  the  longer  strings  of  rail  234  ft  (6  conventional  rail  lengths)  on  each  end  were  con- 
tinuously anchored,  every  other  tie  being  box  anchored  and  anchors  placed  on  rail  at 
each  intermediate  tie  to  prevent  movement  away  from  joint.  Along  the  center  of  each 
string  of  rail  every  third  tie  was  box  anchored.  The  shorter  strings  were  anchored  in  a 
similar  manner  with  continuous  anchoring  reduced  in  accordance  with  length. 

Usually,  when  welded  rail  is  laid  on  the  Illinois  Central  replacing  existing  rail,  the 
rails  are  butt  jointed,  and  an  atmospheric  temperature  in  the  vicinity  of  85  F  is  con- 
sidered ideal  for  progressing  the  work.  Since  the  Barkley  Project  was  new  construction 
and  working  temperatures  were  normally  below  85  F,  it  was  decided  to  shim  the  joints, 
allowing  1-in  thickness  of  shim  for  each  10  deg  of  temperature  below  85  deg.  Since  the 
newly  laid  rail  was  not  opened  to  traffic,  some  difficulty  was  encountered  in  closing  the 
shimmed  joints.  In  view  of  this,  it  is  felt  that  on  similar  types  of  construction  rail 
anchors  should  not  be  installed  until  immediately  after  removal  of  shims  and  joint 
closure  is  obtained  by  normal  expansion  of  the  newly  laid  rail. 

The  ballast  was  unloaded  from  railroad  cars  in  a  conventional  manner  and  the  track 
was  surfaced  with  two  multiple  tampers  and  one  tamping  jack.  The  ballast  was  regulated 
and  dressed  with  a  ballast  maintenance  car. 

A  trackliner  with  a  line  indicator  was  used  for  lining  the  completed  track.  Excellent 
results  were  obtained  with  this  machine,  which  was  operated  by  one  employee  with 
occasional  assistance   of  one  additional  employee  when  lining  curved  track. 
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Miscellaneous  Buildings 

The  project  involved  the  construction  of  a  freight  depot  at  Fairview,  Ky.,  and  an 
extension  to  the  relocated  depot  at  Grand  Rivers,  Ky. 

The  work  at  Grand  Rivers  consisted  of  the  construction  of  an  U-ft  by  16-ft  4-in 
centralized  train  control  operator's  office  and  relocating  the  existing  freight  station  con- 
tinuous thereto.  The  work  at  Fairview  involved  constructing  a  freight  station  using 
serviceable  materials  salvaged  from  the  Eddyville  freight  depot  plus  additional  new 
materials  required. 

Miscellaneous  tool  houses  and  telephone  booths  throughout  the  project  were 
relocated. 

Road  Crossings 

Highway  grade  crossings  were  constructed  in  accordance  with  Illinois  Central  draw- 
ing No.  5.10  entitled  "Ballast  Road  Crossings." 

Roadway  and  Track  Signs 

All  roadway  and  track  signs  were  constructed  to  conform  with  the  Illinois  Central's 
standards  and  practices  and   Kentucky   state  laws. 

Communication  Work 

All  communication  pole-line  construction  involving  open  wire  and  aerial  cable  was 
performed  in  accordance  with  the  applicable  recommendations  of  the  National  Electrical 
Safety  Code  and  more  particularly  in  accordance  with  the  provision  of  recommended 
practice  of  the  AAR  as  set  forth  in  "Specifications  for  the  Construction  of  Railroad 
Communication  Pole  Lines,  l-A-6."  Where  circuit  faciHties  were  installed  below  ground 
level  the  construction  conformed  to  the  AAR's  "Specification  for  Underground  Cable 
Installation,   l-C-2." 

The  communication  work  was  started  shortly  ahead  of  track  construction  to  permit 
distribution  and  installation  of  poles  with  the  communication  department  winch  truck. 

Signal  Work 

The  signal  system  was  constructed  by  the  Illinois  Central  to  comply  with  the  Inter- 
state Commerce  Commission  Bureau  of  Safety  Rules,  Standards  and  Instructions,  sub- 
ject to  its  approval  and  substantially  in  accordance  with  the  signal  track  plan  prepared 
for  the  project.  The  signal  system  represents  modern  signal  practices  as  recommended 
by  the  AAR. 

The  signal  work  was  partially  completed  during  the  early  phases  of  construction 
with  the  portion  of  the  installation  located  on  Barkley  Dam  being  deferred  until 
February  1,  1965,  when  the  signal  gang  moved  back  to  the  project.  The  work  was  then 
progressed  to  completion  during  the  summer  of  1965. 

Progress  of  Work 

Prior  to  beginning  of  railroad  construction,  the  Corps  of  Engineers  advised  the 
railroad  company  that  construction  at  Barkley  Dam  was  delayed  approximately  one 
year  but  requested  the  company  to  proceed  with  track  and  other  related  work  as 
originally  scheduled.  In  view  of  this,  it  was  necessary  to  defer  approximately  two  miles 
of  construction  until  completion  of  Barkley  Dam.  The  deferred  work  involved  approx- 
imately 1.7  miles  of  construction  on  the  earth-fill  portion  of  Barkley  Dam  and  approx- 
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imately  0.3  miles  of  construction  on  the  concrete  structure.  Track  work  was  progressed 
from  each  end  of  the  project  to  the  ends  of  the  dam  as  rapidly  as  possible,  although 
it  was  the  opinion  of  railroad  representatives  that  the  actual  beginning  of  the  track 
work  should  have  been  delayed  to  coincide  with  dam  completion  in  order  to  permit 
more  efficient  utilization  of  work  forces  and  equipment. 

On  completion  of  the  initial  phase  of  the  railroad  work,  the  Corps  of  Engineers 
requested  the  company  to  clear  all  existing  right-of-way  below  the  normal  pool  eleva- 
tion of  359  on  a  cost-reimbursable  basis.  It  was  thought  the  railroad  company  could 
accomplish  the  work  with  less  interference  and  hazards  to  its  equipment  and  employees 
than  a  contractor  employed  by  the  Corps  of  Engineers.  The  right-of-way  clearing  was 
completed  in  late  summer  of  1964  and  at  that  time  the  entire  project  was  closed  down 
to  await  completion  of  Barkley  Dam. 

Railroad  construction  was  reactivated  and  completed  during  the  summer  of  1965. 
The  new  line  was  placed  in  operation  in  October  1965. 
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Termite  Control  Investigation — Inspection  of  Specimens 
After  100  Months  of  Exposure^= 

ABSTRACT 

This  is  a  report  of  progress  in  the  15 -year  investigation  to  determine  the  most 
effective  preservative,  with  minimum  retention,  for  treating  either  oak,  pine  or  fir  species 
to  reduce  decay  and  termite  attack.  The  results  of  the  investigation  after  100  months 
of  exposure  of  the  specimens  are: 

1.  Specimens  treated  with  coal-tar  creosote  show  less  decay  and  termite  attack 
than  specimens  treated  with  other  preservatives  (see  Table  7  and  Figs.  2  to  13, 
incl.). 

2.  The  diagrams  on  Figs.  2  to  13,  incl.,  indicate  that  chromated  zinc  chloride  and 
tanalith  are  affording  less  protection  against  decay  and  termite  attack  than 
the  other  preservatives. 

3.  In  general,  the  fir  specimens  treated  with  most  of  the  preservatives,  are  subject 
to  less  decay  and  termite  attack  than  the  oak  and  pine  specimens;  however, 
oak  is  generally  more  resistant  to  decay  and  termite  attack  than  pine  or  fir 
when  not  treated. 
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4.  Decay  and  termite  attack  are  quite  rapid  in  the  untreated  specimens,  but 
can  be  reduced  considerably  by  treating  the  specimens  with  the  lower  retentions 
of  any  of  the  preservatives,  even  chromated  zinc  chloride  or  tanalith. 

INTRODUCTION 

This  report  presents  the  results  of  an  inspection  of  about  2000  treated  and  untreated 
specimens  in  the  exposure  test  plot  of  the  Austin  Cary  Memorial  Forest  of  the  Univer- 
sity of  Florida  near  Gainesville,  Fla.,  after  about  100  months  of  exposure. 

The  report  of  the  initial  installation  of  1296  treated  specimens  and  30  untreated 
control  specimens  placed  in  the  exposure  test  plot  in  November  1957  may  be  found  in 
the  1959  Proceedings,  Vol.  60,  page  131.  This  detailed  report  covers  the  treatment  of 
the  specimens,  chemical  analysis  of  the  preservatives  and  installation  of  the  treated 
specimens  and  the  untreated  controls.  A  total  of  nine  different  preservations  were  used 
to  treat  the  oak,  pine  and  fir  specimens,  using  three  different  retentions  for  each 
preservative. 

A  supplemental  installation  involving  the  use  of  four  additional  preservatives  was 
made  in  November  1959.  A  detailed  report  covering  this  installation  of  576  treated 
specimens  and  15  untreated  controls  is  included  in  the  1961  Proceedings,  Vol.  62, 
page  95.  Detailed  reports  covering  the  inspection  of  the  specimens  after  40  months,  52 
months,  64  months,  76  months  and  88  months  are  described  in  Engineering  Research 
Division  reports  ER-16,  ER-23,  ER-38,  ER-46  and  ER-59,  respectively,  with  the  gen- 
eral conclusion  in  all  five  reports  that  only  those  specimens  treated  with  coal-tar  creosote 
had  afforded  more  resistance  to  both  decay  and  termite  attack  than  the  other 
preservatives. 

The  investigation  is  being  conducted  under  the  general  direction  of  G.  M.  Magee, 
director  of  engineering  research.  Engineering  Division,  Research  Department,  AAR.  The 
conduct  of  the  investigation  and  preparation  of  the  report  were  in  charge  of  E.  J. 
Ruble,  executive  research  engineer,  research  staff,  AAR.  The  inspection  of  the  specimens 
was  conducted  on  February  14  and  15,  1966,  by  Dr.  J.  B.  Huffman  of  the  University 
of  Florida;  W.  F.  Arksey,  F.  J.  Fudge  and  C.  Morton,  members  of  Committee  3 — Ties 
and  Wood  Preservation;  G.  B.  Mills,  Wood  Treating  Chemicals  Co.;  I.  Williams,  South- 
ern Pine  Inspection  Bureau;  R.  W.  Wellwood,  Faculty  of  Forestry,  University  of  British 
Columbia,  Vancouver,  B.  C;  and  E.  J.  Ruble,  K.  W.  Schoeneberg  and  I.  A.  Eaton, 
research  staff,  AAR.  Funds  for  the  investigation  are  being  provided  by  the  AAR. 

GRADING 

The  system  of  specimen  grading  for  both  decay  and  termite  attack  used  during  the 
inspection  corresponds  to  that  recommended  by  the  American  Wood  Preservers  Asso- 
ciation. The  code  numbers  and  letters  of  the  system  are  listed  below,  with  the  cor- 
responding ratings  developed  by  such  grades: 

Code  Rating, 

No.  Decay  Grades  Percent 

1  Sound,  no  evidence  of  decay 100 

2  Localized   superficial   decay    75 

3  Slight  but   positive   decay    SO 

4  Deep  or  severe  decay 25 

5  Failure,  almost  complete  loss  of  strength    0 
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Code  Rating, 

Letter  Termite  Attack  Grades  Percent 

A  Xo    attack    100 

B  Slight    termite   attack    75 

C  Moderate   termite  attack    50 

D  Severe  termite  attack    25 

E  Failure  caused  by  termites    0 


FIELD  INSPECTIONS 

The  detailed  inspection  of  the  specimens  was  conducted  primarily  by  Dr.  Huffman 
and  Mr.  Eaton  with  other  members  of  the  inspection  party  assisting  by  removing,  clean- 
ing and  replacing  the  test  specimens.  The  first  member  of  the  inspection  party  removed 
the  first  2-in  by  4-in  by  IS-in  specimen,  buried  vertically  for  half  its  length,  from  the 
ground  and  after  cleaning  off  the  dirt  and  sand  with  a  spatula,  handed  it  to  Dr.  Huff- 
man. Dr.  Huffman  inspected  it  and  decided,  with  the  help  of  the  other  members  of  the 
inspection  party,  the  grade  of  the  specimen  for  both  decay  and  termite  attack.  Mr. 
Eaton  tabulated  the  code  number  and  code  letter  on  field  data  sheets  provided  by  Dr. 
Huffman.  The  specimen  was  then  replaced  in  its  original  position  in  the  ground  while 
the  other  members  of  the  party  pulled  and  cleaned  the  next  stake.  This  procedure  was 
repeated  for  the  entire  inspection. 

An  example  of  the  tabulated  decay  and  termite  attack  grades,  as  recorded  in  the 
field  on  the  "Field  Inspection  Data  Sheets"  is  shown  on  Table  1.  The  example  shows 
the  results  of  six  field  inspections  of  the  specimens  in  rows  M,  N,  and  O  of  plot  2.  For 
example,  in  position  4  of  row  M,  there  is  shown  specimen  012D/21.  As  explained  in  the 
report  covering  the  installation,  the  letter  "O"  designates  oak  species,  "12"  the  stick  num- 
ber and  "D"  the  fourth  specimen  cut  from  stick  12.  The  figure  "2"  designates  the  preser- 
vative number,  which  in  this  case  is  chromated  zinc  chloride.  The  figure  "1"  represents 
the  retention  used  in  the  treatment  and  in  this  case  is  the  lowest  retention.  The  inspection 
of  February  .i,  1964  indicates  this  specimen  had  a  grade  of  "5C",  the  "5"  indicating 
failure  due  to  decay  with  the  "C"  indicating  moderate  termite  attack.  The  inspection 
of  February  8,  1965  indicated  this  specimen  had  a  grade  of  "5E",  or  complete  failure 
in  both  decay  and  termite  attack.  As  another  example,  there  is  shown  in  Table  1,  row 
O,  position  2,  pine  specimen  PlOlC/ll  treated  with  the  first  or  lowest  amount  of  creo- 
sote. All  inspections  previous  to  the  last  inspection  of  February  15,  1966,  indicated  there 
was  no  decay  or  termite  attack;  however,  the  inspection  of  February  15,  1066,  indicated 
that  while  there  was  no  decay,  there  was  evidence  of  some  slight  termite  attack  which 
resulted  in  a  rating  of  "IB"  as  shown. 

A  close  inspection  of  the  Field  Inspection  Data  Sheets  indicate  that  many  specimens 
were  graded  higher  during  the  1966  inspection  than  during  the  1965  inspection,  particu- 
larly with  respect  to  termite  attack;  for  example,  see  row  N,  position  2.  In  1965  the 
specimen  061B/83  was  graded  as  ''3B"  but  in  1966  the  grading  was  "3A",  a  change  in 
termite  attack  from  moderate  to  slight.  In  general,  upgrading  from  one  year  to  the  next 
year  results  from  the  destruction  of  physical  evidence  of  former  termite  attack  by  the 
progression  of  decay  fungi.  Some  difficulty  is  encountered  during  inspections  in  deter- 
mining whether  or  not  the  insect  galleries  in  decayed  portions  of  the  specimens  were 
caused  by  termites  or  ants.  If  termites  or  ants  were  present  during  the  inspection,  a 
decision  could  readily  be  made,  but  if  they  were  not  present,  and  the  usual  tell-tale 
signs  were  absent,  the  cause  of  the  galleries  could  not  be  definitely  determined.  Research 
has  shown  that  ants  frequently  seek  shelter  or  build  nests  in  decayed  wood  while  ter- 
mites will  drill  through  decayed  wood  to  get  to  sound  wood. 
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ANALYSIS  OF  FIELD  INSPECTION  DATA 

The  data  on  the  decay  and  termite  attack  grades,  as  recorded  on  the  Field  Inspec- 
tion Data  Sheets  were  summarized  and  recorded  on  the  "Classified  Data  Sheets,"  ex- 
ample of  which  is  shown  on  Table  2.  The  ratings  for  both  decay  and  termite  attack, 
in  percent,  were  determined  in  the  manner  shown  under  "Grading." 

In  the  12-,  25-  and  40-month  reports,  the  average  index  rating  was  obtained  by  aver- 
aging the  decay  rating  with  the  termite  attack  rating.  This  procedure  was  slightly  in 
variance  with  the  recommendation  of  ASTM  Specification  D  1758-60,  Evaluating  Wood 
Preservatives  by  Field  Tests.  The  ASTM  recommendation  states  that  the  decay  and  ter- 
mite grades  should  be  combined,  that  is,  the  lowest  grade  from  either  cause  should  be 
used,  and  all  subsequent  average  index  ratings  for  our  annual  inspections  are  in  accord- 
ance with  the  ASTM  recommendation. 

The  data  on  Table  2  show  the  results  of  the  inspection  of  all  specimens  treated 
with  preservative  No.  2,  chromated  zinc  chloride  having  the  No.  1  retention.  It  can  be 
seen  that  previously  mentioned  specimen  012D/21  is  included  under  the  oak  species, 
the  second  from  the  top,  with  a  grade  of  "SC"  assigned  to  it  during  the  inspection  of 
February  1964,  and  "5E",  complete  failure,  during  the  February  8,  1965,  inspection.  The 
other  nine  specimens  of  like  species  and  preservative  retention  are  also  shown  accom- 
apnied  by  their  respective  grade.  A  summary  of  the  grades  for  this  preservative  reten- 
tion and  species  for  the  February  15,  1966  inspection  is  as  follows: 

5  specimens  having  a  grade  of  "5E"  (complete  failure) 

1  specimen  having  a  grade  of    "3C" 

2  specimens  having  a  grade  of  "SC" 

2  specimens  having  a  grade    of  "5D" 

10  specimens 

The  ratings  for  decay  and  termite  attack  were  obtained  in  the  following  manner: 

Decay  Termite  Attack 

Nine  (5)  at    0=   0  Five      (E)  at    0=     0 

One    (3)  at  50=50  Three    (C)  at  50=150 

—  Two      (D)   at  25=    50 
50-^-10=5.0  =200-^10=20.0 

The  average  index  rating  was  obtained  by  combining  the  decay  and  termite  grades, 
using  the  lowest  grade  for  each,  in  the  following  manner: 

Nine   (5  or  E)  at    0=0 
One     (3  or  C)  at  50  =  50 

50 -^  10=5.0 

RESULTS  OF  INSPECTION 

Untreated  Controls 

The  decay  and  termite-attack  ratings  with  their  average  index  ratings  for  the 
untreated  controls  installed  in  February  1962,  are  shown  in  Table  3.  The  values  shown 
in  this  table  are  the  average  of  five  oak,  five  fir  and  ten  pine  specimens  and  indicate 
the  general  decline  in  the  condition  of  the  specimens  over  a  period  of  four  years,  with 
most  of  the  specimens  having  completely  failed  after  three  years  and  all  specimens  hav- 
ing failed  after  four  years.  It  can  be  seen  that  the  average  index  ratings  for  the  oak 
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specimens  are  higher  than  those  for  the  fir  or  pine  specimens.  The  oak  specimens  appear 
to  be  more  subject  to  decay  than  to  termite  attack,  especially  after  two  or  more  years 
of  exposure. 

The  data  for  the  untreated  specimens  installed  in  February  1963  are  shown  in  Table 
4.  It  can  be  seen  that  the  rapid  rate  of  termite  attack  and  decay  has  continued  through 
the  third  year.  The  average  index  ratings  after  36  months  of  exposure  are  slightly  lower 
than  the  ratings  for  the  specimens  installed  in  February  1962  at  the  end  of  36  months. 

The  data  for  the  untreated  specimens  installed  in  February  1964  are  shown  in  Table 
5  while  the  data  for  the  specimens  installed  in  February  1965  are  shown  in  Table  6. 
It  is  interesting  to  note  that  the  termite  attack  and  decay  are  following  the  same  pat- 
tern as  the  other  installations  after  the  same  number  of  months  of  exposure,  and  about 
one-half  of  the  specimens  can  be  expected  to  fail  after  36  months  of  exposure  with 
complete  failure  of  all  the  specimens  occuring  after  48  months  of  exposure. 

Treated  Specimens 

The  decay  and  termite  attack  ratings  after  100  months  of  exposure  of  the  specimens 
treated  with  preservatives  1  to  9,  incl.,  and  after  75  months  of  exposure  of  specimens 
treated  with  preservatives  10  to  13,  incl.,  are  tabulated  on  Table  7.  Typical  pictures  of 
decay  and  termite  attack  are  shown  on  Fig.  1. 

The  data  tabulated  in  Table  7  for  the  specimens  treated  with  the  No.  1  retention 
are  shown  graphically  by  the  bar  diagram  on  Fig.  2,  those  for  retention  No.  2  on  Fig.  3 
and  those  for  No.  3  retention  on  Fig.  4.  In  studying  Figs.  2,  3  and  4,  it  should  be  kept 
in  mind  that  the  No.  1  retention  is  only  half  that  recommended  by  the  AREA,  reten- 
tion No.  2  is  the  amount  recommended,  while  retention  No.  3  is  100  percent  greater 
than  the  recommended  amount.  The  bar  diagrams  indicate  that  decay  and  termite 
attack  are  now  taking  place  in  the  specimens  treated  with  coal-tar  creosote,  particularly 
in  the  oak  and  pine  specimens  with  the  No.  1  retention.  Decay  is  even  occuring  in  the 
oak  specimens  with  the  No.  3  retention  of  creosote.  It  can  be  seen  that  the  pine  specimens 
treated  with  the  No.  1  retention  of  tanalith  have  failed  while  the  oak  specimens  are 
near  failure.  The  oak  and  pine  specimens  treated  with  the  No.  1  retention  of  chromated 
zinc  chloride  are  also  near  failure.  Considerable  termite  attack  and  decay  has  taken  place 
in  the  specimens  treated  with  the  No.  1  and  No.  2  retentions  of  pentachlorophenol,  cop- 
per napthenate,  acid  copper  chromate,  ammoniacal  copper  arsenite,  chromated  zinc  ar- 
senate and  chromated  copper  arsenate.  The  specimens  treated  with  the  No.  3  retention 
of  most  of  the  preservatives  are  now  showing  some  termite  attack  and  decay,  with  the 
specimens  treated  with  chromated  zinc  chloride,  tanalith  and  chromated  zinc  arsenate 
showing  more  than  the  others. 

A  careful  study  of  the  quality  index  ratings,  as  shown  on  Figs.  2,  3  and  4,  clearly 
indicate  that  the  oak  specimens  are  more  subject  to  decay  than  the  fir  or  pine  specimens 
for  all  preservatives  and  all  retentions. 

The  data  on  the  specimens  treated  with  various  combinations  of  creosote  with 
petroleum  or  coal  tar  indicate  considerable  variation,  but  it  can  be  seen  that  these 
preservatives  do  not  afford  the  protection  given  by  coal-tar  creosote  alone.  It  is  evident 
that  such  combinations  afford  more  protection  against  termite  attack  than  decay. 

The  diagrams  on  Figs.  5  to  13,  incl.,  show  the  progressive  decrease  in  the  quality 
index  ratings  for  all  three  species  of  wood  and  the  3  retentions  of  all  13  preservatives. 
The  original  test  specimens  treated  with  the  9  preservatives  have  been  exposed  for  100 
months  while  the  specimens  treated  with  the  combinations  of  creosote  and  coal  tar  or 
petroleum  have  been  exposed  for  75  months.  It  can  be  seen  from  Fig.  5  that  the  oak 


18  ,  Termite    Control    Investigation 

specimens  treated  with  the  No.  1  retention  of  creosote  resisted  decay  and  termite  attack 
for  52  months  but  since  that  time  there  has  been  a  gradual  decrease  in  the  rating.  By 
projecting  the  line  showing  the  decrease,  it  appears  that  the  specimens  will  be  com- 
pletely gone  after  190  months  of  exposure.  For  comparison,  the  oak  specimens  treated 
with  tanalith  have  completely  failed  after  100  months  of  exposure,  and  the  oak  speci- 
mens treated  with  chromated  zinc  chloride  will  undoubted'y  fail  in  the  next  few  months. 
It  is  obvious  from  the  diagrams  on  Fig.  5  that  the  cak  specimens  treated  with  the  No.  1 
retention  of  creosote  are  showing  more  resistance  to  decay  and  termite  attack  than  those 
treated  with  the  other  preservatives. 

The  decline  in  the  quality  index  ratings  of  the  fir  specimens  treated  with  the  No.  1 
retentions  are  shown  on  Fig.  6.  It  can  be  seen  that  the  specimen  treated  with  creosote 
or  ammoniacal  copper  arsenite  (chemonite)  are  showing  considerable  resistance  to  decay 
and  termite  attack,  but  the  ratings  of  the  specimens  treated  with  the  other  preservatives 
are  only  slightly  higher  than  those  for  the  oak  specimens. 

The  decrease  in  ratings  for  the  pine  specimens  treated  with  the  No.  1  retentions 
are  shown  on  Fig.  7.  In  general,  these  specimens  have  about  the  same  ratings  as  the  oak 
specimens,  with  the  specimens  treated  with  creosote  indicating  more  resistance  to  decay 
and   termite   attack   than   the   others. 

The  decrease  in  the  quality  index  ratings  for  the  other  retentions  of  preservatives 
are  shown  on  Figs.  8  to  13,  incl.  It  can  be  seen  that  there  is  some  reduction  in  the 
ratings  of  the  specimens  treated  with  most  of  the  preservatives. 

In  the  report  on  last  year's  inspection,  mention  was  made  that  the  Forest  Products 
Laboratory  had  isolated  and  submitted  to  the  Forest  Disease  Laboratory  at  Laurel,  Md., 
for  identification  the  fungi  involved  in  some  of  the  stakes  showing  considerable  decay 
which  had  been  removed  from  the  University  of  Florida  test  site  after  several  years 
of  exposure.  One  southern  pine  stake.  No.  P34J,  treated  with  1.04  pcf  acid  copper 
chromate  (celcure),  and  three  red  oak  stakes  treated  with  about  0.50  pcf  chromated 
copper  arsenate,  type  A  (erdalith),  were  removed  from  the  AAR  test  plots  after  several 
years  exposure.  The  wood  species,  preservative  and  retention,  and  fungi  are  as  follows: 

Southern  pine  .  1.04  pcf  acid  copper  chromate   Poria  cocos 

Red  oak    0.46  pcf  chromated  copper   arsenate,  type  A    Porm  cocos 

Red  oak    0.44  pcf  chromated  copper  arsenate,  type  A    Poria  radiculosa 

Red  oak    0.48  pcf  chromated  copper  arsenate,  type  A    Poria  cocos 

The  fungi  are  copper  tolerant,  which  undoubtedly  accounts  for  the  early  decay  of 
some  of  the  treated  stakes,  but  does  net  account  for  the  termite  attack  noted. 

CONCLUSION 

From  the  data  secured  during  the  inspection  of  treated  specimens  of  oak,  fir  and 
pine  species  after  100  months  of  exposure,  it  seems  logical  to  conclude  that  coal-tar 
creosote  is  affording  more  resistance  to  decay  and  termite  attack  than  the  other 
preservatives. 
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Tablu    1 
TERMITE  CONTROL  INVESTIGATION 


AAR  RESEARCH  CENTER 


FIELD  INSPECTION  DATA  SHEET 


Plot    2 


Location 

Code 

Rating  of  Condition  of  Specimens  on  Indicated  Date 

Row 

Position 

Number 

1-8-59 

11-13-59 

2-21-62 

2-5-62 

2-4-63 

2-3-64 

2-8-65 

2-15-66 

M 

1 

P94F/32 

lA 

10 

IB 

30 

30 

3C 

5C 

2 

P4UG/92 

lA 

lA 

lA 

lA 

IB 

10 

20 

3 

F103A/32 

lA 

lA 

lA 

lA 

lA 

10 

30 

4 

012D/21 

IB 

3C 

30 

3B 

40 

50 

* 

* 

5 

O107E/81 

2  A 

3  A 

2R 

3B 

3B 

30 

5C 

6 

F24H/23 

lA 

IB 

IB 

IB 

10 

20 

7 

F5(iC/93 

_ 

- 

lA 

lA 

lA 

lA 

8 

P70I/63 

_ 

lA 

lA 

3B 

3A 

9 

P58I/72 

lA 

lA 

lA 

lA 

lA 

2A 

3A 

N 

1 

01U3E/42 

lA 

lA 

lA 

lA 

lA 

lA 

lA 

2 

061B/83 

_ 

2A 

2A 

3B 

3A 

3 

053G/53 

_ 

lA 

lA 

lA 

lA 

4 

0(i3E/33 

:;a 

2B 

3B 

30 

30 

4C 

5 

F1U4E/31 

lA 

IB 

2B 

10 

30 

30 

30 

6 

P48B/12 

lA 

lA 

lA 

lA 

Runu 

vcd  to  A, 

KR  Lab 

2-5-63 

7 

07I/63 

- 

lA 

IB 

2B 

2B 

8 

P42F/81 

lA 

3A 

20 

30 

30 

30 

3D 

9 

073B/31 

lA 

2B 

3B 

3C 

30 

30 

30 

50 

O 

1 

F76D/31 

lA 

lA 

lA 

IB 

10 

20 

30 

30 

2 

PlOlC/11 

lA 

lA 

lA 

lA 

lA 

lA 

lA 

IB 

1 

3 

F76C/32 

lA 

lA 

lA 

2B 

30 

30 

30 

i 

4 

FlOA/43 

. 

_ 

lA 

lA 

lA 

lA 

1 

5 

F51C/83 

_ 

_ 

lA 

lA 

lA 

lA 

6 

013G/32 

2A 

3A 

IB 

3B 

3B 

30 

3D 

7 

015G/91 

lA 

lA 

IB 

2B 

3B 

30 

lA 

8 

0(36A/13 

lA 

lA 

lA 

lA 

9 

P42G/41 

lA 

2A 

IB 

10 

20 

30 

30 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Inspected  By: 


AWPA  Rating  Code: 

Numbers  1  to  5  indicate  degree  of  decay  with  Number  1  being  sound  -  no  evidence  of  decay 
Letters  A  to  E  Indicate  degree  of  termite  attack  wiih  A  having  no  attack. 
*    Railed  and  Removed. 
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Table  2 
TERMITE  CONTROL  INVESTIGATION 


AAR  RESEARCH  CENTER 


CLASSIFIED  DATA  SHEETS 


Preservative  No. 
Retention  No. 


Chromated  Zinc  Chloride 


Species 

Code 

Number 

Plot 
Location 

Retention 
lb.  cu.  ft. 

Rating  of  Condition  of  Specimens  on  Indicated  Date 

2-4-64 

2-8-65 

2-15-6e 

Oak 

O       7H 

3J9 

0.52 

50 

* 

♦ 

12D 

?.M4 

n.4R 

F,r. 

* 

* 

15D 

1A5 

0.51 

3C 

30 

5D 

20D 

8N9 

0.48 

3C 

30 

5E 

21C 

6J1 

0.50 

3C 

5D 

* 

23G 

4C7 

0.52 

4C 

40 

50 

40G 

1F5 

0.53 

3C 

30 

30 

4in 

5L5 

0.52 

50 

* 

+ 

67  F 

7C8 

0.51 

30 

40 

50 

84  B 

9F6 

0.48 

4D 

4D 

5D 

Months  of  Service 

76 

88 

100 

Av.  Termite  Rating 

45.0 

30.0 

20.0 

Av.  Decay  Rating 

30.0 

22.5 

5.0 

Av.  Index  Rating 

27.5 

22.5 

5.0 

No.  of  Failures 

1 3 

4 

9 

Fir 

F     .■HIF 

511 

0.42 

10 

20 

3  0 

33G 

1K6 

0.55 

20 

30 

30 

4-4  G 

9G1 

0.59 

5D 

* 

* 

4?,n 

9H6 

0.48 

3D 

3D 

30 

53G 

7B1 

0.44 

20 

20 

30 

55E 

10J7 

0.49 

10 

20 

30 

56G 

4C5 

0.55 

30 

30 

30 

61E 

805 

0.55 

20 

30 

30 

70C 

4  07 

0.54 

30 

30 

30 

74G 

10L5 

0.52 

30 

30 

30 

Months  of  Service 

7fi 

88 

100 

Av.  Termite  Rating 

45.0 

42.5 

45.0 

Av.  Decay  Rating 

62.5 

52.5 

45.0 

Av.  Index  Rating 

42.5 

42.5 

45.0 

No.  of  Failures 

1 

1 

1 

Pine 

P     27T 

2D3 

0.50 

30 

30 

50 

28H 

8L7 

0.51 

3D 

3E 

* 

311 

911 

0.50 

* 

* 

* 

53H 

10F2 

0.51 

4E 

+ 

* 

341 

417 

0.51 

5D 

+ 

* 

371 

5C9 

0.49 

2D 

5D 

+ 

381 

7D1 

0.50 

3D 

3D 

4E 

39J 

3F8 

0.51 

4D 

4F 

* 

47  H 

10D3 

0.50 

3D 

3D 

30 

48H 

3J8 

0.49 

4E 

* 

* 

Months  of  Service 

76 

88 

100 

Av.  Tormlto  Rating 

20.0 

12.5 

10.0 

Av.  Decay  Rating 

35.0 

22.5 

7.5 

Av.  Index  Rating 

17.5 

10.0 

5.0 

No.  of  Failures 

4 

7 

9 

AWPA  Rating  Codo; 

Numbers  1  to  5  Indicate  degree  of  decay  with  No 
Letters  A  to  E  indiculo  degree  of  termite  altaelc 
♦Failed  and  Removed. 


.  1  being  sound  -  no  evidence  of  dociiy. 
with  A  having  no  attack. 
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Table  3 
SUMMARY  OF  INDEX  RATINGS 
UNTREATED  SPECIMENS 
INSTALLED:  FEB.  1962 


T  =  Termite 

or 
D  •*  Decay 

12  ^foaths 
Exposure 

24  Months 
Exposure 

36  Months 
Exposure 

48  Months 
Exposure 

Oak 

Fir 

Rne 

Oak 

Fir 

Pine 

Oak 

Fir 

Rne 

Oak 

Fir 

Pine 

T 

D 

AV.  INDEX 

55.0 
75.0 
50.0 

60.0 
80.0 
25.0 

47.5 
47.5 
32.5 

50.0 
30.0 
30.0 

20.0 
25.0 
15.0 

5.0 
15.0 
0 

30.0 
15.0 
15.0 

15.0 
15.0 
15.0 

0 
0 
0 

20.0 
0 
0 

0 
0 
0 

0 
0 
0 

No.  of 
Failures 

0 

0 

3 

1 

3 

10 

3 

3 

10 

5 

5 

10 

Table  4 
SUMMARY  OF  INDEX  RATINGS 
UNTREATED  SPECIMENS 
INSTALLED:  FEB.  1963 


T  =  Termite 

12  Months 

24  Months 

36  Months 

or 
D  =  Decay 

Exposure 

Exposure 

Exposure 

Oak 

Fir 

Pine 

Oak 

Fir 

Pine 

Oak 

Fir 

Rne 

T 

50.0 

35.0 

40.0 

55.0 

20.0 

30.0 

25.0 

10.0 

0 

D 

50.0 

55.0 

45.0 

30.0 

40.0 

20.0 

10.0 

20.0 

0 

AV.  INDEX 

40.0 

35.0 

40.0 

30.0 

20.0 

20.0 

^9,1 0 

10.0 

0 

No.  of 

Failures 

0 

1 

1 

2 

3 

2 

3 

3 

5 

Table  5 
SUMMARY  OF  INDEX  RATINGS 
UNTREATED  SPECIMENS 
INSTALLED:  FEB.  1964 


T  =  Termite 

or 
D  =  Decay 

12  Months 
Exposure 

24  Months 
Exposure 

Oak 

Fir 

Rne 

Oak 

Fir 

Rne 

T 
D 
AV.  INDEX 

55.0 
60.0 
50.0 

55.0 
65.0 
55.0 

50.0 
70.0 
50.0 

75.0 
40.0 
35.0 

35.0 
35.0 
25.0 

30.0 
25.0 
20.0 

No.  of 
Failures 

0 

0 

0 

1 

1 

2 

Table  6 
SUMMARY  OF  INDEX  RATINGS 
UNTREATED  SPECIMENS 
INSTALLED:  FEB.  1965 


T  =  Termite 

or 
D  =  Decay 

12  Months 
Exposure 

Oak 

Fir 

Rne 

T 

D 

AV.  INDEX 

50.0 
75.0 
50.0 

50.0 
55.0 
40.0 

50.0 
50.0 
50,0 

No.  of 
Failures 

0 

0 

0 
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Table  7 
SUMMARY  OF  QUALITY  INDEX  RATINGS 
TREATED  SPECIMENS 


Months 

T=Termite 

No. 

1  Retention 

No.   2 

Retention 

No.  3  Retenti 

on 

Pres. 

Service 

D=Decay 

Oak 

Fir 

Pine 

Oak 

Fir 

Pine 

Oak 

Fir 

Pine 

T 

97.5 

100.0 

90.0 

100.0 

100.0 

97.5 

100.0 

100.0 

100.0 

1 

100 

D 

67.5 

95.0 

72.5 

77.5 

100.0 

97.5 

97.5 

100.0 

100.0 

AV. 

67.5 

95.0 

70.0 

77.5 

100.0 

97.5 

97.5 

100.0 

100.0 

T 

20.0 

45.0 

10.0 

42.5 

50.0 

35.0 

50.0 

57.5 

52.5 

2 

100 

D 

5.0 

45.0 

7.5 

35.0 

52.5 

50.0 

47.5 

77.5 

60,0 

AV. 

5.0 

45.0 

5.0 

35.0 

47.2 

37.5 

45.0 

57.5 

52.5 

T 

12.5 

47.5 

0 

42.5 

65.0 

52.5 

87.5 

77.5 

65.0 

3 

100 

D 

2.5 

45.0 

0 

20.0 

52.5 

45.0 

40.0 

72.5 

57.5 

AV. 

0 

45.0 

0 

20.0 

52.5 

45.0 

40.0 

67.5 

52.5 

T 

62.5 

50.0 

50.0 

92.5 

67.5 

60.0 

100.0 

100.0 

95.0 

4 

100 

D 

52.5 

67.5 

57.5 

80.0 

75.0 

67.5 

97.5 

100.0 

92.5 

AV. 

52.5 

50.0 

50.0 

77.5, 

67.5 

55.0 

97.5 

100.0 

90.0 

T 

67.5 

60.0 

55.0 

1    95.0 

97.5 

82.5 

100.0 

100.0 

100.0 

5 

100 

D 

50.0 

65.0 

55.0 

72.5 

97.5 

90.0 

90.0 

100.0 

100.0 

AV. 

50.0 

57.5 

47.5 

72.5 

95.0 

80.0 

90.0 

100.0 

100.0 

T 

57.5 

50.0 

40.0 

87.5 

82.5 

62.5 

92.5 

95.0 

82.5 

6 

100 

D 

25.0 

60.0 

50.0 

65.0 

92.5 

72.5 

90.0 

100.0 

100.0 

AV. 

25.0 

52.5 

40.0 

62.5 

82.5 

62.5 

80.0 

95.0 

82.5 

T 

92.5 

95.0 

75.0 

97.5 

100.0 

97.5 

100.0 

100.0 

100.0 

7 

100 

D 

52.5 

97.5 

60.0 

62.5 

95.0 

70.0 

70.0 

97.5 

100.0 

AV. 

52.5 

95.0 

57.5 

62.5 

95.0 

70.0 

70.0 

97.5 

100.0 

T 

45.0 

67.5 

47.5 

75.0 

82.5 

62.5 

87.5 

95.0 

90.0 

8 

100 

D 

27.5 

52.5 

27.5 

55.0 

65.0 

47.5 

50.0 

77.5 

77.5 

AV. 

27.5 

50.0 

27.5 

52.5 

62.5 

47.5 

50.0 

77.5 

75.0 

T 

37.5 

67.5 

55.0 

70.0 

85.0 

65.0 

97.5 

100.0 

87.5 

9 

100 

D 

25.0 

67.5 

57.5 

50.0 

80.0 

70.0 

95.0 

97.5 

97.5 

AV. 

25.0 

57.5 

55.0 

50.0 

77.5 

60.0 

92.5 

97.5 

87.5 

T 

90.0 

95.0 

100.0 

92.5 

100.0 

100.0 

100.0 

100.0 

100.0 

10 

75 

D 

65.0 

97.5 

97.5 

57.5 

100.0 

100.0 

75.0 

100.0 

100.0 

AV. 

65.0 

95.0 

97.5 

57.5 

100.0 

100.0 

75.0 

100.0 

100.0 

T 

92.5 

97.5 

95.0 

97.5 

100.0 

97.5 

100.0 

100.0 

100.0 

11 

75 

D 

55.0 

100.0 

77.5 

77.5 

100.0 

90.0 

75.0 

100.0 

100.0 

AV. 

55.0 

97.5 

77.4 

77.5 

100.0 

90.0 

75.0 

100.0 

100.0 

T 

95.0 

100.0 

65.0 

97.5 

100.0 

100.0 

100.0 

97.5 

100.0 

12 

75 

D 

52.5 

97.5 

70.0 

65.0 

100.0 

97.5 

75.0 

100.0 

100.0 

AV. 

52.5 

97.5 

55.0 

65.0 

100.0 

97.5 

70.0 

97.5 

100.0 

T 

80.0 

92.5 

67.5 

97.5 

100.0 

100.0 

100.0 

100.0 

100.0 

13 

7  5 

D 

57.5 

92.5 

65.0 

72.5 

100.0 

97.5 

75.0 

100.0 

100.0 

AV. 

55.0 

90.0 

57.5 

72.5 

100.0 

97.5 

75.0 

100.0 

100.0 

Specimens  ti-eated  witii  preservatives  1  to  9  incl.  were  installed  in  November  1957. 
Specimens  treated  with  preservatives  10  to  13  incl.  were  installed  in  November  1959. 
Inspection  Date:    Februaiy  1966. 
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Oak  specimen  treated  with  chromated  zinc  arsenate  showing  surface 
softness  due  to  decav. 


Pine  specimen   treated   with   tanalith  showint:   lailuic  due  to  termite  attack 
and   near  failure  due  to  decay. 

Fig.    1 — Pictures    of   typical   decay   and   termite   attack. 
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SUMMARY  OF  QUALITY  IMDFX  RATINGS 

TREATED      SPECIMITM^ 
RETENTIOM:  i 
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FIS  3 

SUMMARY   OF  QUALITY    INDEy   RATINGS 

tpekted    specimens 

retention    2 
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.SlJMM/yRV  fjF  QUALITY    INIDfX   RATINGS 

TRFATED      3PECIMEMS 
RRTFNTION;  3 


PRE.';EP'/ATIVF. 

AVP        fXPQ.?URF. 
RflF.NriON     TIME 

lb/ft''  months 

•SPFClF.n 

OUAI  ITY    INDFX  RATING-   PFRCFNT 

SYMBOL-.        ^^        iIImM? 
100         90            8,0            7p             e,p            bO            40            3p            20              i 

P          Q 

1 
COAL    TAP 
CREOSOTE 

16  4 

16  4          100 

l.'S.g 

OAK 
F  1  R 
PINE 

OAK 
F  1  R 
PI  ME 
OAK 

r  1  R 

PINF 
0/>K 
1^:  R 
PI  ME 

'■I/7a7J7 

r/7.7rui. 

2 
CHROMATED 
ZINC  CHLORIDE 

1.99 

2.00     ,      100 
2.04 

'/.■////, 

,■,,■,■///,'/,•/    M 

! 

■i/li',:t,i!i::,'!- 

"./  /v 

^..  "■:  ■:■ 

3 
TANALITH 

0  98 

1.08          100 
0.99 

-;;;:,: 

i^L—- 

:^:::7:rii/jj::Li/.\ 

jii;ii:vi' 

1 

, 

1 

1 

1 

i 

* 

4 
PENTACHLOROPHENQL 

15.1 

14  5           100 

15.8 

5 

COPPER 
NAPTHENATE 

12.2  i 

16.3  ;      100 
16.8 

OAK 
-IR 
PINE 

6 
ACID  COPPER 
CHROMATE  (Celcure) 

1.98 

2.13           100 

2.07 

OAK 
FIR 
PINE 

'T'JTTT/ 

.■7, 

\ 
1 

f/]JA 

7 
AMMONIACAL  COPPER 
ARSE^JlTE(C^.emoo■.f=) 

1.00 

0.75     1       100 
0.79 

OAK 

FIR 
PINE 

! 

1 

- 

8 
CHROMATED  ZINC 
ARSENATE(BoliJ.-S<.lt) 

1  96  : 

1.86     1       100 

2.00   : 

OAK 
FIR 
PINE 

-TTT-irjk 

LL\ 

i 

/  ■  -^.  ^^ 
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r; 1! ;  // 

-ZZZil     '   ^ 

r 

"^•^^^ 

i^^^^^l 

• 

9 

CHROMATED  COPPER 
ARSENATE  (Gree.ia  it) 

1.51 

1,48            100 

1.50 

1-              -      - 

OAK 

FIR 
PI  NE 

OAK 

Fl  R 

PINE 

OAK 

FIR 

PINE 

ZJ, 

yz/'.-i 

■I 

10 
50  7„   CREOSOTE 
40  7.    COAL  TAR 

15.32    , 
16.16            75 
16.30 

1  1 
80  7.  CREOSOTE 
20  7.  COAL  TAR 

16.13 

is.ya        75 

16.2  7 

12 
50  7.  CREOSOTE 
507.  PETROLEUM 

15.69 

16.27     1       75 

16.41 

OAK 
Fl  R 
PINE 

'i 

13 
25  7.    CREOSOTE 
75  7.    PETROLEUM 

16.37    ^ 
16.27            75 
lb  56 

OAK 
F  IR 
PINE 

m 

1 
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Advance   Report  of   Committee    30 — Impact  and   Bridge   Stresses 

N.  E.  Ekrem,  Chairman 

Field  Investigation  of  Longitudinal  Forces  in  a  Concrete 
Trestle  on  the  Santa  Fe  Railway* 


A.  DIGEST 

This  report  contains  a  description  and  an  analysis  of  the  test  data  obtained  on  a 
660-ft-long  concrete  trestle  on  the  Atchison,  Topeka  &  Santa  Fe  Railway  near  Dallas, 
Tex.,  designated  as  Bridge  No.  50.9.  The  trestle  consists  of  20  spans  of  33-ft  prestressed 
concrete  box  beams  on  reinforced  concrete  caps  and  columns.  Its  height,  base  of  rail  to 
ground  line,  is  uniform  throughout  at  26  ft.  The  purpose  of  this  investigation  was  to 
determine  the  effect  on  the  trestle  of  braking  and  traction  as  developed  by  a  278-ft-long 
test  train.  Direct  and  bending  stresses  were  obtained  in  the  bents  and  axial  stresses 
obtained  in  the  rails  at  each  abutment.  Runs  were  made  with  both  tight  and  loosened 
rail  joints.  In  addition  to  the  braking  and  traction  runs,  normal-speed  runs  were  made 
to  determine  stresses  in  the  box  beams  and  columns. 

A  brief  summary  of  the  data  follows: 

1.  Braking  to  a  stop  on  the  bridge: 
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a.  The  longitudinal  force  was  tranmitted  to  all  bents  irrespective  of  the  train 
position,  was  highest  for  bents  under  the  test  train  and  gradually  decreased 
with  increase  in  distance  from  the  test  train. 

b.  Loosening  the  rail  joints  at  each  end  of  the  bridge  increased  the  longitudinal 
force  to  the  bents. 

c.  The  longitudinal  force  applied  at  the  top  of  cap  caused  the  columns  to  act  as 
cantilever  beams  fixed  below  the  ground  line. 

d.  The  maximum  column  bending  stress  was  280  psi  when  the  rail  joints  were 
tight  and  295  psi  when  loosened.  The  corresponding  longitudinal  forces  applied 
at  the  top  of  the  caps  to  produce  these  stresses  were  5.5  kips  and  S.9  kips, 
respectively. 

e.  The  total  braking  force  to  all  bents  based  on  the  average  of  several  similar 
runs  was  59.6  kips  when  the  rail  joints  were  tight  and  66.8  kips  when  the  joints 
were  loosened. 

f.  The  total  braking  force  to  the  rails  based  on  the  average  of  several  similar  runs 
was  44.2  kips  for  tight  joints  and  8.4  kips  for  loosened  joints. 

g.  The  longitudinal  force  of  braking  as  calculated  from  the  recorded  acceleration 
was  more  than  the  sum  of  the  bent  forces  and  rail  forces,  indicating  that  some 
of  the  total  braking  force  was  resisted  by  pressure  against  the  abutment 
backwall. 

h.  The  maximum  recorded  longitudinal  movement  of  a  bent  was  ^g  in  with  tight 

rail  joints  and  %  in  with  loosened  joints, 
i.  The  AREA  specified  braking  force  to  a  bent  for  an  E  72  train  is  50.2  kips  and 

for  the  test  train,  23.8  kips.  The  railroad's  E  65  design  was  based  on  a  bent 

force  of  16.3  kips.  The  maximum  recorded  bent  force  produced  by  the  test  train 

was  5.5  kips. 

2.  Starting  on  the  bridge  and  accelerating  off: 

a.  Items  a,  b  and  c  described  above  for  braking  apply  also  to  traction  except  that 
the  applied  forces  were  in  the  opposite  direction. 

b.  The  maximum  column  bending  stress  due  to  traction  was  162  psi  when  the  rail 
joints  were  tight  and  168  psi  when  loosened.  The  corresponding  forces  at  the 
caps  to  produce  these  stresses  were  3.4  kips  and  3.5  kips,  respectively. 

c.  The  total  force  to  all  bents  based  on  the  average  of  several  similar  runs  was 
17.4  kips  when  the  rail  joints  were  tight  and  25.5  kips  when  the  joints  were 
loosened. 

d.  The  total  force  to  the  rails  based  on  the  average  of  several  similar  runs  was 
17.3  kips  for  tight  joints  and  5.6  kips  for  loosened  joints. 

e.  The  longitudinal  force  of  traction  as  calculated  from  the  recorded  accelerations 
is  more  than  the  sum  of  the  bent  forces  and  the  rail  forces,  indicating  that 
some  of  this  total  traction  force  was  resisted  by  pressure  against  the  abutment 
backwall. 

f.  The  maximum  recorded  longitudinal  movement  of  a  bent  was  tV  in  with  the 
tight  rail  joints  and  J^  in  with  loosened  joints. 

g.  The  AREA  specified  traction  force  to  a  bent  for  an  E  72  train  is  77.6  kips, 
and  for  the  test  train,  39.5  kips.  The  railroad's  E  65  design  was  based  on  a 
bent  force  of  16.3  kips.  The  maximum  recorded  bent  force  produced  by  the 
test  train  was  3.4  kips. 
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3.  Braking  to  a  stop  on  the  bridge  produced  considerably  higher  stresses  in  the 
columns  and  in  the  rails  than  did  starting  on  the  bridge  and  accelerating  off. 

4.  Braking  across  the  bridge  and  stopping  beyond  it  produced  negligible  bending 
stresses  in  the  columns,  no  higher  than  those  resulting  from  eccentricity  of  the  vertical 
loads 

5.  Normal  running  over  the  bridge   (without  braking  or  traction) : 

a.  For  the  prestressed  concrete  beams,  the  ratio  of  recorded  to  calculated  static 
strains  under  the  test  locomotives  ranged  from  0.83  to  0.94. 

b.  The  transverse  distribution  of  load  to  the  beams  was  very  nearly  uniform, 
with  each  beam  carr>-ing  about  25  percent  of  the  total  load. 

c.  The  maximum  recorded  stress  in  the  beams  was  615  psi,  occurring  under  a  car. 
In  general,  the  locomotives  produced  lower  stresses  than  the  cars. 

d.  The  maximum  recorded  direct  static  stress  in  a  column  was  170  psi. 

e.  The  maximum  recorded  static  bending  stress  due  to  eccentricity  of  the  point 
of  application  of  the  vertical  loads  was  131  psi.  This  bending  stress  was  highest 
at  the  top  of  the  column  near  the  cap. 

f.  The  maximum  recorded  direct  compressive  stress  in  a  column  was  195  psi  at  a 
speed  of  20  mph. 

B.  FOREWORD 

The  field  investigation  was  conducted  in  November  1964  by  the  Association  of 
American  Railroads  Research  Center  staff  under  the  sponsorship  of  AREA  Committee 
30 — Impact  and  Bridge  Stresses,  which  has  had  an  assignment  on  the  determination  of 
longitudinal  forces  in  bridge  structures.  The  AAR  provided  the  equipment  and  personnel 
as  part  of  the  research  activity  of  the  Research  Department,  of  which  W.  M.  Keller  is 
vice  president  and  G.  M.  Magee  is  director  of  engineering  research.  Funds  for  the  field 
work  and  preparation  of  this  report  were  provided  by  the  AAR. 

The  investigation  was  under  the  general  direction  of  F.  P.  Drew,  research  engineer 
structures;  assisted  in  the  office  by  D.  W.  Wilki,  chief  draftsman,  and  C.  S.  Somogy, 
assistant  structural  engineer;  and  in  the  field  by  M.  F.  Smucker,  electrical  engineer, 
R.  F.  Laskowski,  assistant  electrical  engineer  and  H.  H.  Remington,  electronic  assistant. 
This  report  was  written  jointly  by  Messrs.  Drew  and  Wilki. 

C.  TEST  SPAN  AND  LOCATION  OF  GAGES 

Bridge  No.  50.9  is  shown  on  Fig.  1  and  miscellaneous  bridge  details  are  on  Fig.  2. 
The  bridge  was  built  in  1964  and  carries  a  single  track  on  a  ballasted  deck.  As  men- 
tioned before,  the  bridge  consists  of  twenty  33-ft  spans  and  has  a  total  length  of  660 
ft  1  in.  Each  span  is  comprised  of  four  prestressed  concrete  box  beams  32  ft  11  in  long. 
Each  beam  is  rectangular,  3  ft  6  in  wide  by  2  ft  3  in  deep.  The  bearings  for  all  beams 
are  1-in-thick  elastomeric  pads.  Each  bent  consists  of  a  cast-in-place  reinforced  con- 
crete cap  and  three  columns.  Each  of  the  three  columns  per  bent  is  cylindrical,  2  ft  in 
diameter.  The  columns  were  cast-in-place  in  holes  drilled  15  ft  into  the  ground,  and  at 
least  1  ft  into  rock. 

The  beams  have  longitudinal  recesses  near  the  top  which  formed  shear  keys  when 
the  beams  were  erected.  Thse  keyways  were  filled  with  a  cement  grout.  The  spans  were 
post-tensioned  transversely  at  the  center  and  at  the  ends  with  lJ4-in-diameter  rods  14  ft 
1  in  long.  The  design  of  the  beams  was  based  on: 
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/',  =  250,000  psi 

}  s  =  1 75,000  psi  (0.7/',) 

/',•  =      5,000  psi 

jc—       2,000  psi  (0.4 /O 


Each  beam  is  prestressed  with  >^-in  strands  conforming  to  ASTM  A  416  as  shown 
in  Fig.  2.  Curbs  are  provided  by  6-  by  12 -in  timbers  held  in  place  with  ^-in  bolts 
18  in  long. 

No  double  bents  were  used  in  the  bridge. 

Both  the  cast-in-place  caps  and  the  columns  were  designed  using  /'o=:  3,500  psi. 
The  indicated  average  28-day  concrete  cylinder  strength  for  the  columns  ranged  from 
4,900  to  6,300  psi.  All  the  reinforced  concrete  columns  were  spliced  at  about  the  ground 
line.  The  reinforcing  above  the  ground  consists  of  eight  No.  8  bars  with  a  No.  4  spiral 
pitched  at  2J^  in.  Below  the  ground  the  reinforcing  consists  of  eight  No.  10  bars  with 
No.  4  spiral  at  6  in.  All  reinforcement  conforms  to  ASTM  A  305. 

The  design  live  load  was  Cooper  E  65  and  33  percent  impact.  The  impact  equation 
used  was: 

7  =  35 ~ 

500 

as  suggested  in  AREA  Proceedings,  Vol.  67,  page  400. 

The  design  assumptions  used  for  longitudinal  force  resulting  from  the  starting  and 
stopping  of  trains  were  based  on: 

a.  Force  due  to  braking:  One  half  of  15  percent  of  the  live  load  without  impact 
on  only  6  spans  or  198  ft  of  trestle  and  longitudinal  force  transmitted  to 
7  bents. 

b.  Force  due  to  traction:  One  half  of  25  percent  of  the  weight  on  the  driving 
wheels,  without  impact,  transmitted  equally  to  2  bents. 

Five-inch  SR-4  strain  gages  were  appUed  20  ft  6  in  below  the  caps,  or  about  6  in 
above  ground  line  on  the  center  columns  of  alternate  bents,  as  shown  on  Fig.  1  and  on 
test  bents  8,  9  and  10  as  shown  on  the  same  figure.  All  gages  were  placed  on  the  north 
and  south  faces  of  the  columns.  Gages  were  also  placed  on  the  bottom,  1  ft  6  in  south 
of  the  center  of  the  beams  of  span  9. 

The  rail  on  the  bridge  was  Colorado  Sec.  903,  1915,  OH,  laid  in  33-ft  lengths  with 
four-bolt  angle  bars.  Since  the  rail  joints  on  this  bridge  were  staggered  approximately 
one-half  rail  length  it  was  necessary,  before  the  test  began,  to  provide  squared  joints  at 
each  abutment  by  sawing  the  rail  opposite  two  existing  joints  and  installing  angle  bars 
and  bolts.  The  rail  gages  were  placed  approximately  2  ft  beyond  these  squared  joints,  as 
shown  (see  Fig.  1).  The  1-in  SR-4  gages  were  placed  on  the  neutral  axis  to  record  longi- 
tudinal, axial  strains.  The  saw  cuts  left  rail  gaps  of  only  about  Y^  in  and  it  was  neces- 
sary to  open  these  to  about  J^  in  with  a  joint  spreader.  The  two  existing  joints  were 
also  spread  to  a  gap  of  %  in. 

All  joint-bar  bolts  on  the  bridge  (and  those  in  the  squared  joints)  were  individually 
checked  by  railroad  section  men  before  the  test  began  to  make  certain  all  were  tight. 
For  those  runs  conducted  with  loose  joints,  only  the  squared  joints  were  loosened  (the 
others  on  the  bridge  were  left  tight).  The  joints  were  disassembled  and  the  angle  bars 
and  rail  surfaces  were  cleaned.  The  fishing  surfaces  were  greased  and  the  joints  reas- 
sembled. The  bolts  were  tightened  only  enough  to  keep  the  angle  bars  in  p>osition  and 
the  rails  in  line. 
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To  measure  the  longitudinal  movement  of  bent  8,  a  linear  extensometer  was  used. 
The  fixed  end  was  fastened  to  a  timber  trestle  immediately  adjacent  to  the  concrete 
trestle  and  the  other  end  was  connected  to  the  concrete  cap. 

The  response  from  all  the  strain  gages  was  ampliiied  and  recorded  by  two  12- 
channel  oscillographs  on  photographic  paper.  A  detailed  description  of  the  o.scillographs 
and  their  auxiliary  units  is  given  in  the  AREA  Proceedings,  Vol.  46,  page  201,  1945, 
and  a  description  of  the  SR-4  wire  resistance  strain  gages  with  the  necessary  equipment 
is  given  in  the  Proceedings,  Vol.  52,  page  152,  1951. 

D.  TEST  TRAIN 

The  test  train  consisted  of  two  4-axle  diesel  locomotives  and  four  loaded  hopper 
cars.  It  had  a  total  length  of  277  ft  10  in  and  a  total  weight  of  1,269.6  kips.  One  loco- 
motive had  axle  loads  of  62.4  kips  and  the  other,  61.9  kips.  The  axle  loads  of  the  cars 
ranged  from  47.2  to  50.1  kips.  It  was  assumed  that  the  total  locomotive  and  car  weights 
were  distributed  equally  to  each  axle.  The  axle  loads  and  spacings  are  shown  in  Table  1. 

The  Cooper  equivalent  of  the  two-unit  locomotive  in  bending  on  the  test  span  is 
E  32.3  and  for  the  cars   (cars  1   and  2   combined),  E  42.9. 

E.  TEST  RESULTS 

The  bents  and  span  were  instrumented  as  shown  on  Fig.  1.  The  investigation  was 
conducted  in  several  series  because  of  the  various  studies  involved  and  the  limitations 
of  the  recording  equipment.  These  series  were  Braking,  Traction  and  Normal  Running 
of  the  test  train  over  the  bridge.  In  general,  each  series  was  conducted  as  follows: 

Braking — (a)  Braking  to  a  stop  at  various  positions  on  the  bridge;  (b)  braking 
across  the  bridge  and  stopping  beyond  it. 

Traction — Starting  from  various  positions  on  the  bridge  and  accelerating  off  the 
bridge. 

Each  of  the  above  was  conducted  with:  (a)  Tight  rail  joints  at  each  abutment; 
(b)   Loosened  joints  at  each  abutment. 

Simultaneous  recordings  were  obtained  to  determine:  (a)  Bending  strains  at  ground 
line  in  bents  throughout  length  of  bridge;  (b)  vertical  distribution  of  bending  strains 
in  a  single  column;  (c)  bending  strains  in  columns  and  axial  strains  in  the  rails  at  the 
abutments. 

Normal  Running — (a)  Constant  speed,  static  runs  (5  mph  or  less)  across  the  test 
span;  (b)  constant  speed,  dynamic  runs,  at  various  speeds  to  30  mph  across  the 
test  span. 

The  above  runs  were  made  to  determine:  (a)  Flexural  strains  in  the  beams;  (b) 
compressive  strains  in  the  columns  of  the  two  supporting  bents. 

1.  Typical  Oscillograms  for  Braking  and  Traction 

The  data  were  recorded  on  oscillograms  and  typical  traces  are  presented  for: 

(a)  Braking  to  a  stop  on  the  bridge  with  tight  rail  joints.  Fig.  4. 

(b)  Braking  to  a  stop  on  the  bridge  with  loosened  rail  joints  at  the  abutments, 
Fig.  5. 

(c)  Traction   or   starting   from   a   stopped   position   on   the   bridge   with   tight   rail 
joints.  Fig.  6. 

(d)  Traction  with  loosened  rail  joints.  Fig.  7. 
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On  Fig.  4  are  shown  the  elevation  of  the  bridge  and  symbols  for  SR-4  strain  gages 
located  near  the  ground  line  on  bents  2,  4,  6,  8,  12,  14,  16  and  18.  A  light  trace  activated 
by  a  wheel  trip  is  shown  below  the  Elevation.  The  position  of  this  wheel  trip  was  on 
the  center  line  of  bent  13.  Offsets  to  this  trace  indicated  that  8  wheels  passed  over  the 
trip  before  the  train  stopped.  Below  this  are  shown  15  traces  responding  to  SR-4  gages. 
On  the  left  hand  side  the  bent  number  is  shown  corresponding  to  each  of  the  traces. 

Since  the  test  train  stopped  at  bent  10,  the  braking  stress  ahead  of  the  train  for 
bents  2,  4,  6  and  8  can  be  seen.  For  the  other  bents,  however,  the  effect  of  the  direct 
vertical  stress  is  combined  with  the  braking  stress,  and  the  latter  was  determined  by 
reading  the  peak  value  and  the  value  for  direct  stress.  Also  shown  is  the  position  of  the 
first  axle  of  the  train  when  the  brakes  were  applied  as  well  as  the  position  where  vertical 
load  began  for  each  bent.  For  this  run,  the  greatest  braking  stress  of  273  psi  occurred 
at  bent  12  where  a  compression  stress  of  288  psi  and  a  tensile  stress  of  258  were 
recorded. 

On  Fig.  5  are  shown  data  similar  to  Fig.  4  except  that  the  rail  joints  were  loosened 
at  the  abutments.  For  this  run,  No.  24,  the  greatest  braking  stress  occurred  at  bent  14, 
where  a  compression  stress  of  327  psi  and  a  tensile  stress  of  278  psi  were  recorded. 

After  the  train  stopped  the  entire  structure  rebounded  and  vibrated  longitudinally 
at  a  frequency  of  about  2.8  cps,  as  shown  by  the  traces  to  the  left  of  the  point  at  which 
maximum  braking  stress  occurred. 

The  oscillogram  traces  showing  the  effect  of  traction  forces  on  the  bridge  are  much 
less  definitive  than  those  for  braking.  Whereas  the  traces  under  braking  attained  a  peak 
value  at  the  instant  of  stopping,  no  such  definite  peak  was  apparent  on  the  traces  during 
traction  runs.  Every  effort  was  made  to  develop  a  "hard  start"  by  applying  full  power 
with  the  brakes  set  and  then  releasing  them,  but  the  transmission  of  power  to  the  rails 
was  not  sudden  (as  in  the  case  of  braking)  but  gradual,  and  the  maximum  effect  on  the 
structure  was  not  noted  until  the  train  had  moved  forward  some  distance.  It  was  neces- 
sary, therefore,  in  determining  the  traction  stresses,  to  compare  the  oscillogram  traces 
under  a  normal  slow-speed  run  of  the  train  with  a  run  under  full  traction.  Fig.  6  shows 
such  a  comparison.  The  traces  are  shown  in  pairs:  1,  1-S;  2,  2-S;  etc.  The  1  trace  repre- 
sents stress  during  traction,  and  the  1-S  trace  is  for  a  regular  slow-speed  run.  Com- 
paring the  two  traces  and  reading  the  maximum  differences  furnished  the  data  for 
traction  bending  stresses. 

Also  on  Fig.  6  are  shown  the  elevation  of  the  bridge  and  the  initial  starting  posi- 
tion, as  well  as  the  position  where  maximum  traction  was  read.  At  the  left-hand  side 
are  the  bent  and  trace  position  of  the  gages.  The  largest  traction  effect  is  shown  for 
bent  8  where  trace  6  indicates  a  tension  stress  of  117  psi  and  trace  7  a  compressive 
stress  of  158  psi  for  an  average  bending  stress  of  138  psi.  This  occurred  during  the 
condition  of  tight  rail  joints. 

Fig.  7  shows  typical  traces  with  loosened  joints,  and  is  similar  to  Fig.  6.  Under  this 
condition  for  bent  8,  traces  7  and  8,  respectively,  show  a  tensile  stress  of  124  psi  and  a 
compressive  stress  of  132  psi  for  an  average  bending  stress  of  128  psi. 

2.  Braking  to  a  Stop  on  the  Bridge 

A  total  of  19  runs  in  which  the  test  train  came  to  a  stop  on  the  bridge  was  made 
and  the  results  appear  on  Figs.  8  to  14,  incl.  Nine  of  the  runs  were  recorded  when  the 
rail  joints  were  tight  and  the  others  when  the  rail  joints  were  loosened. 

Each  figure  shows  the  elevation  of  the  bridge  and  the  stopped  position  of  the  test 
train  for  that  particular   run.  The  ordinate  lines  denote  bent  position,  while  the  open 
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circles  denote  the  magnitude  of  the  bending  stress  in  psi  for  the  bent.  The  exlremc 
right-  and  left-hand  ordinates  show  the  recorded  axial  force  in  the  rails  and  these  are 
plotted  as  closed  circles  showing  the  corresponding  rail  stresses  in  psi. 

It  can  be  seen  that  the  curve  described  by  the  plotted  points  of  these  figures  is 
somewhat  parabolic  in  shape.  The  maximum  values  are  shown  to  be  under  the  train  in 
its  stopped  position,  with  lower  values  toward  the  ends  of  the  bridge.  It  should  be  noted, 
however,  that  the  entire  bridge  is  affected  by  the  applied  longitudinal  force  and  that 
unloaded  bents  as  well  as  those  which  receive  vertical  loads  from  the  train  are  con- 
tributing to  the  resistance  to  this  force.  Furthermore,  for  the  condition  with  tight  rail 
joints,  the  rails  at  each  end  of  the  bridge  resist  longitudinal  force  regardless  of  where 
the  train  stopped  on  the  bridge.  It  is  apparent  that  higher  bent  stress  occurred  when 
the  rail  joints  were  loosened  than  when  they  were  tight. 

The  maximum  bending  stress  with  the  rail  joints  tight  occurred  during  run  14 
which  appears  in  the  middle  chart  on  Fig.  8;  its  value  is  280  psi.  During  run  24,  with 
loose  rail  joints,  the  train  stopped  at  nearly  the  same  location  and  the  maximum  bend- 
ing stress  was  295  psi.  In  general,  all  of  the  recorded  values  for  this  run  are  significantly 
higher  than  for  run  14,  due  to  loosened  rail  joints  at  the  ends  of  the  bridge. 

The  effect  on  rail  stress  of  loosening  the  rail  joints  is  apparent  by  comparing  the 
recorded  rail  stress  of  Figs.  8,  9  and  10  with  those  on  Figs.  11,  12,  13  and  14.  At  the 
south  end  of  the  bridge  with  tight  joints  the  recorded  stresses  varied  from  640  to  a  max- 
imum of  1,700  psi.  After  these  joints  were  loosened  the  stresses  varied  from  zero  to  a 
maximum  of  only  300  psi.  At  the  north  end  of  the  bridge,  there  was  a  similar  reduction. 
In  the  case  of  tight  joints  the  recorded  stresses  varied  from  130  to  a  maximum  of  2,420 
psi.,  and  after  loosening  the  variation  was  220  to  a  maximum  of  650  psi.  It  is  apparent 
that  the  joints  at  the  north  end  of  the  bridge  were  not  completely  unrestrained  with 
respect  to  their  ability  to  carry  axial  forces.  The  recorded  values  shown  are  the  average 
of  both  rails,  but  the  east  rail  (which  had  the  sawed  rail)  still  carried  some  force, 
whereas  the  west  rail  (which  had  the  original  joint)  carried  none.  The  southward  move- 
ment of  the  bridge  under  braking  force  opened  the  joints  at  the  north  end  and  closed 
them  at  the  south  end.  Apparently,  this  movement  was  more  than  the  north  joints  on 
the  east  rail  could  accommodate  and  the  holes  in  the  rail  came  into  bearing  with  the 
bolts.  There  may  also  have  been  some  frictional  resistance  through  the  angle  bars.  Obvi- 
ously, there  was  some  apprehension  about  operating  with  loose  joints  and  it  was,  of 
course,  important  to  maintain  safe  conditions,  particularly  since  the  north  approach  was 
on  a  curve  that  ended  at  the  loosened  joints.  Thus,  these  joints  in  their  loosened  condi- 
tion were  probably  tighter  than  those  at  the  south  end. 

On  Table  2  are  shown  the  recorded  braking  strains  converted  to  force  in  kips.  On 
the  left  hand  side  of  the  table  are  the  individual  bent  numbers  with  the  run  numbers 
across  the  top.  The  table  is  separated  into  "Tight  Joint  Bars"  and  "Loosened  Joint 
Bars." 

The  bent  forces  in  Table  2  were  derived  from  the  recorded  and  interpolated  values 
by  assuming  that  the  horizontal  braking  force  due  to  stopping  on  the  bridge  acted  at 
the  top  of  the  bent  and  that  the  bent  was  a  cantilever  fixed  below  the  ground  line.  The 
section  modulus,  S,  for  one  column  at  the  lower  gage  location  is  1,786  inl  Using  the 
recorded  stress,  free,  at  this  gage  location,  the  horizontal  force,  F,  applied  at  a  distance, 
d,  from  the  gage  location,  was  then  determined  as  follows: 

P  __  3iJ  free. 

d 


44 Longitudinal    Forces    in    a    Concrete    Trestle 

It  should  be  noted  that  the  recorded  values  are  actually  strains  and  to  convert  them 
to  stresses  an  assumption  regarding  the  concrete  modulus  of  elasticity  was  made.  For  an 
assumed  concrete  modulus  of  5,000,000  psi  the  force  conversion  factor  is: 

F  _   3  X  1,786  X  5,000,000  XIO^^  _  101.4  e 
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where  e  is  the  recorded  strain  in  microinches  per  inch.  For  the  case  of  a  concrete  modulus 
of  4,000,000  psi  the  braking  force  conversion  factor  is: 

F  =  81.2e 

Values  shown  in  Table  2  are  given  for  two  moduli  because  of  the  range  of  the 
strength  of  the  concrete  used  in  these  columns.  Maximum  bent  forces  occurred  during 
runs  14  and  24  and  are  shown  to  be  5.5  kips  and  5.9  kips,  respectively. 

The  rail  forces  in  both  rails  at  the  north  and  south  abutment  were  determined  by 
adding  the  rail  stresses  together.  For  example,  during  run  IS,  the  stress  in  each  rail  at 
the  south  end  of  the  bridge  was  — 980  and  — 1,000  psi.  Since  the  area  of  the  rail  is 
8.75  sq  in  and  assuming  this  stress  is  spread  over  the  total  area,  the  total  compressive 
force  transmitted  by  the  rails  at  the  south  end  was  (980  +  1,000)  X  8.75  =  17,300  lb. 
At  this  same  instant,  tensile  stresses  induced  in  the  rail  at  the  north  end  of  the  bridge 
were  +  1,680  and  +  1,680  psi.  The  total  tensile  force  transmitted  by  the  rails  at  the 
north  end  was  (1680+  1680)  X  8.75  =  29,400  lb.  The  total  longitudinal  force  carried 
by  the  rails  was,  thus,  46,700  lbs  or  46.7  kips  for  this  particular  run,  and  that  is  the 
value  tabulated  under  run  15  in  Table  2  for  rail  force. 

To  compare  the  values  of  Table  2  with  respect  to  tight  and  loose  joint  bars,  it  is 
necessary  to  use  runs  where  the  stopped  train  positions  were  approximately  the  same. 
Such  comparisons  can  be  made  using  runs  14  and  24,  15  and  21,  12  and  25,  10  and  20. 
These  are  as  follows: 

Braking  Force — Kips 


Run  Number 

To 

tal  Bent 

Total  Rail 

14 

62.8 

55.8 

Tight             15 

65.5 

46.6 

Rail  Joints         12 

58.1 

36.8 

10 

52.2 

37.6 

Average 

59.6 

44.2 

Run  Number 

Total  Bent 

Total  Rail 

24 

76.4 

10.8 

Loosened          21 

73.9 

7.8 

Rail  Joints         25 

65.8 

6.0 

20 

Ave 

rage 

51.0 
66.8 

9.8 
8.4 

From  the  above,  it  can  be  seen  that  the  effect  of  loosening  the  rail  joints  was  to  increase 
the  load  to  the  bents  by  a  total  of  7.2  kips.  Since  the  reduction  in  load  to  the  rails  was 
35.8  kips,  it  seems  reasonable  to  assume  that  the  balance  of  the  load,  or  about  28  kips, 
went  directly  to  the  abutments. 

Table  2  also  shows  values  of  longitudinal  force  calculated  from  recorded  accelera- 
tions. These  were  derived  from  the  relationship,  F  ,=  nm.  The  mass,  m,  is  known  from 
the  scale  weights  furnished  for  the  entire  train.  The  acceleration,  a,  was  taken  from  the 
oscillograms.  As  explained  earlier,  each  wheel  in  passing  over  a  wheel  trip  on  the  rail 
marked  the  record  in  the  form   of  an  offset  to  a  trace.  Since  the  oscillogram  also  has 
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timinji  lines  and  the  distance  between  wheels  is  known  it  is  possible  to  calculate  the 
velocity  of  the  train  at  various  instances.  The  rate  of  change  of  the  velocity  between 
two  points  is  the  average  acceleration  between  those  points.  At  the  instant  the  train 
stopped,  the  velocity  is  zero,  so  the  acceleration  just  before  stopping  can  be  determined 
and  this  was  used  to  calculate  the  longitudinal  forces  shown  in  Table  2.  These  forces 
are  the  greatest  that  could  be  determined  from  the  oscillograms,  but  may  not  be  the 
absolute  maximum. 

From  Table  2  it  can  be  seen  that  the  longitudinal  force  calculated  from  recorded 
accelerations  exceeds  the  sum  of  the  bent  forces  and  the  rail  forces,  indicating  that  the 
abutment  backwall  also  shares  in  the  resistance  to  the  longitudinal  force.  Furthermore, 
it  should  be  noted  that  the  maximum  calculated  longitudinal  force  of  158  kips  is  about 
12  percent  of  the  total  train  weight.  With  tight  rail  joints  the  percentage  range  of  total 
longitudinal  braking  force  resisted  by  the  bents  was  41  to  56  percent,  by  the  rails 
20  to  46  percent  and  by  the  backwalls  apparently  S  to  30  percent. 

The  longitudinal  movement  of  the  cap  on  bent  8  was  measured  during  20  runs  of 
braking  to  a  stop  on  the  bridge.  These  values  are  shown  in  Table  4,  and  it  can  be  seen 
that  the  maximum  movement  with  the  rail  joints  tight  was  0.212  in  and  with  the  rail 
joints  loosened,  0.231  in. 

3.  Vertical  Distribution  of  Braking  Stresses  in  Columns 

A  series  of  23  runs  of  the  test  train  comprises  this  study.  The  effect  of  braking  to 
a  stop  at  or  near  two  bents  instrumented  with  SR-4  strain  gages  near  the  top,  the  third 
points  and  near  the  ground  line  was  measured  and  the  individual  run  data  are  plotted 
on  Figs.  15  to  25.  Figs.  15,  16  and  17  indicate  the  results  for  bent  8  when  the  rail  joints 
were  tight;  and  Figs.  18  and  19  show  the  effect  when  the  rail  joints  were  loosened. 
Figs.  20  and  21  indicate  the  results  for  bent  10  with  tight  rail  joints,  while  Figs.  22 
through  24  indicate  the  results  with  loosened  rail  joints.  Fig.  25  shows  the  results  during 
two  runs  when  the  test  train  made  emergency  stops. 

As  can  be  seen  in  each  of  the  figures,  there  was  an  increase  in  recorded  stress  from 
the  cap  to  the  ground  line,  and  the  general  shape  of  the  stress  curve  represents  the 
moment  curve  of  a  cantilever  beam.  (This  observation  has  been  reported  in  previous 
ER  reports*.)  It  can  be  seen  that  there  is  no  point  of  contraflexure  above  the  ground, 
and  that  the  bents  are  free  to  rotate  at  their  tops  but  are  fixed  below  the  ground  line. 
Two  sets  of  values  are  shown  for  the  stress  at  the  ground-line  gages.  The  open  circles 
are  the  actual  recorded  values.  The  vertical  column  bars  were  lap-spliced  at  this  location 
and  the  moment  of  inertia  is  about  10  percent  greater  here  than  for  the  balance  of  the 
column.  The  open  squares,  then,  indicate  the  stress  that  probably  would  have  been 
recorded  had  the  columns  not  been  spliced. 

If  no  forces  other  than  the  longitudinal  force  acted  on  this  column  above  the  ground 
line,  it  would  be  expected  that  the  plot  of  recorded  stress  at  the  various  levels  would 
describe  a  straight  line.  It  is  apparent,  however,  that  they  do  not  and  that  there  must 
be  some  resisting  moment  at  the  top  of  the  column.  This  could  be  developed  by  the 
weight  of  the  deck  preventing  complete  freedom   of  rotation. 

It  is  interesting  to  note  that  at  the  lower  gages  the  magnitude  of  stress  in  each  of 
the  columns  comprising  bent  8  are  approximately  equal,  indicating  that  the  individual 
columns  in  the  bent  resist  the  longitudinal  forces  together. 


*  ER-61,  Field  Investigation  of  Prestre.ssed  Concrete  Beams  and  Piles  on  the  Western  Pacihc 
Railroad,  September  1965:  and  ER-48,  Field  Investigation  of  Two  Concrete  Bridges  on  Seaboard  Air 
Line    Railroad,    .\ugust    1964. 
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4.  Maximum   Recorded  Direct  and  Bending  Stresses  in  Columns 
During   Braking  Across  and  Stopping   Beyond   the  Bridge 

In  addition  to  braking  to  a  stop  on  the  bridge,  several  runs  of  the  test  train  were 
made  while  crossing  the  bridge  with  the  brakes  applied.  This  information  is  plotted  on 
Figs.  26  and  27  as  open  squares  for  the  locomotive  and  as  closed  squares  for  the  cars. 
A  few  runs  were  also  made  as  normal  runs  without  any  brake  application.  These  data 
are  plotted  with  open  and  closed  circles. 

It  can  be  seen  from  Fig.  26  that  the  maximum  direct  stress  in  the  columns  was  not 
appreciably  affected  by  braking  across  the  bridge  and  that  the  stresses  under  braking 
and  normal  running  were  approximately  the  same  in  the  various  bents.  The  greatest 
stress  was  recorded  in  bent  14  and  was  235  psi.;  however,  the  majority  of  all  values 
was  about  ISO  psi. 

Fig.  27  shows  that  the  maximum  bending  stresses  were  highest  during  the  braking 
runs.  These  bending  stresses  are  the  combination  of  bending  due  to  eccentricity  of  the 
vertical  loads  and  bending  due  to  longitudinal  force.  It  can  be  seen  that  the  combined 
bending  stresses  are  about  twice  the  normal  bending  and  that  for  these  runs  the  column 
bending  stresses  (at  the  ground  line)  are  approximately  equal  for  vertical  loads  and 
longitudinal  loads.  The  maximum  recorded  bending  stresses  occurred  on  bent  12  and 
were  135  psi  under  cars  and   142  psi  under  locomotives. 

5.  Starting  On  the  Bridge  and  Accelerating  Off   the  Bridge 

A  total  of  seventeen  runs  which  started  from  a  stopped  position  at  different  loco- 
tions  on  the  bridge  was  made;  the  data  for  tight  rail  joints  appear  in  Figs.  28  and  29 
and  for  loosened  joints  the  information  is  in  Figs.  30,  31  and  32.  On  each  figure  are  an 
elevation  of  the  bridge  and  the  starting  position  of  the  train,  as  well  as  the  position 
of  .the  train  when  maximum  traction  stresses  were  recorded  for  that  particular  run. 
The  vertical  lines  denote  bent  position,  while  the  open  circles  denote  the  traction  stresses 
in  psi  for  the  bent.  At  the  extreme  right  and  left  are  the  rail  stresses  indicated  by 
closed  circles. 

The  traction  forces,  while  applied  opposite  in  direction  to  the  braking  forces,  were 
transmitted  to  the  structure  in  much  the  same  manner.  Maximum  values  are  shown  to 
be  on  those  bents  under  the  locomotive  and  decrease  towards  the  ends  of  the  bridge. 
Higher  stresses  are  produced  when  the  rail  joints  are  loose  but  no  stresses  were  as  high 
as  those  under  braking  runs. 

It  can  be  noted  on  Fig.  28  that  the  positions  of  the  train  for  traction  readings  made 
during  runs  13  and  14  were  nearly  identical.  This  position  is  close  to  that  for  runs  23 
and  24  on  Fig.  30  where  it  can  be  seen  that  higher  traction  stresses  occurred  with 
loosened  rail  joints  and,  in  general,  when  the  test  train  was  in  the  central  portion  in 
the  span  after  accelerating  about  65  ft.  The  maximum  bending  stress  was  110  psi  with 
light  rail  joints  and  140  psi  with  loose  joints. 

On  Table  3  are  shown  the  traction  values  that  were  recorded  at  the  ground  line 
of  the  various  bents  and  converted  to  force  in  kips  at  the  top  of  the  cap.  The  bent  forces 
due  to  traction  were  calculated  essentially  in  the  same  manner  as  previously  outlined 
for  braking,  the  difference  being  that  the  horizontal  force  due  to  starting  from  a  stopped 
position  is  opposite  in  direction.  On  the  right-hand  side  of  the  table  are  the  individual 
bent  numbers  with  the  run  numbers,  for  the  column  headings.  As  is  the  case  for  Table  2 
for  braking  forces,  Table  3  is  divided  into  "Tight  Joint  Bars"  and  "Loosened  Joint 
Bars."  Although  not  every  bent  was  instrumented,  values  for  the  other  bents  are  inter- 
polated. For  all  the  recorded  readings,  care  was  taken  not  to  include  any  bending  from 
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vertical  loads.  Maximum  values  are  shown  to  be  2.5  kips  with  tight  rail  joints  and  2.8 
kips  with  loosened  joints.  The  rail-force  data  were  determined  similarly,  as  presented 
in  Table  2,  except  that  tensile  stressess  occurred  at  the  south  end  and  compressive 
stresses  occurred  at  the  north  end. 

Comparing  runs  with  similar  train  positions,  the  following  is  obtained: 

Traction  Force — Kips 
Run  Number         Total  Bent         Total  Rail 


14                         20.3 

19.4 

Tight             11                          13.1 

11.2 

Rail  Joints         15                        17.3 

20.5 

12                          19.0 

18.2 

Average     17.4 

17.3 

Run  Number          Total  Bent 

Total  Rail 

23                         24.5 

4.4 

Loosened         24                        30.7 

6.3 

Rail  Joints         16                        19.8 

7.0 

21                        27.1 

4.9 

.Average     25.5 

5.6 

From  the  above,  it  can  be  seen  that  by  loosening  the  rail  joints,  the  load  to  the  bents 
was  increased  and  to  the  rails  correspondingly  decreased.  It  is  also  apparent  that  the 
total  load  to  the  bents  and  to  the  rails  under  traction  runs  is  considerably  less  than  that 
under   braking  runs. 

Table  3  also  shows  values  of  longitudinal  forces  calculated  from  recorded  accelera- 
tions. These  were  derived  in  a  similar  manner  as  for  the  braking  runs.  The  train  posi- 
tion for  the  maximum  acceleration  was  not  as  definite  as  for  braking,  and  it  was  found 
that  the  maximum  acceleration  was  developed  at  some  distance  from  the  starting  point. 
It  can  be  seen  that  this  force  also  exceeds  the  sum  of  the  bent  forces  and  rail  forces. 
The  maximum  longitudinal  force  resulting  from  traction  of  the  locomotives  was  76  kips, 
which  was  15   percent  of  the  weight  on  the  drivers. 

The  longitudinal  movement  of  the  cap  on  bent  8  was  measured  during  16  runs  of 
starting  on  the  bridge  and  accelerating  off.  These  values  are  shown  in  Table  4,  and  it 
can  be  seen  that  the  maximum  movement  with  the  rail  joints  tight  was  0.070  in  and  with 
the  joints  loosened,  0.107  in. 

6.  Vertical  Distribution  of  Traction  Stresses  in  Columns 

A  series  of  19  runs  of  the  test  train  was  made  to  determine  the  distribution  of  trac- 
tion bending  stress  along  the  length  of  a  column  in  bents  8  and  10.  Gages  were  located 
near  the  cap,  at  the  third  points  and  near  the  ground  line.  The  individual  run  data  are 
plotted  on  Figs.  33  to  40  incl.,  for  each  of  the  two  bents  and  for  tight  and  loosened 
rail  joints.  The  distances  shown  give  the  loca'ion  of  the  test  train  when  the  maximum 
traction  stresses  were  recorded  for  that  run. 

In  general,  the  vertical  distribution  of  stresses  under  traction  runs  is  similar  to  that 
under  braking,  except  that  the  bending  is  in  the  opposite  direction.  The  magnitudes  of 
the  traction  stresses  are  also  less  than  for  I) raking.  The  cantilever  action  of  the  bent  is 
demonstrated  as  well  as  the  equal  distribution  of  stresses  to  each  of  the  three  columns 
in  a  bent.  The  maximum  column  bending  stresses  due  to  traction  were  162  psi  for  run 
47  (Fig.  33)  when  the  rail  joints  were  tight  and  168  psi  for  run  35  (Fig.  39)  when 
loosened.  The  corresponding  bent  forces  to  produce  these  stresses  were  3.4  kips  and  3.5 
kips,  respectively. 
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7.  Static  Stresses  in  Prestressed  Concrete  Beams  under  Normal  Running 

In  addition  to  the  investigation  on  the  columns  under  braking  and  traction,  a  series 
of  runs  was  made  to  determine  the  flexural  strains  of  span  9  for  a  range  of  speeds  from 
S  mph  to  a  maximum  of  30  mph.  Gages  were  positioned  1  ft  6  in  south  of  the  center 
line  of  the  span  on  the  bottom  of  the  beams,  as  shown  in  Fig.  1. 

The  recorded  and  calculated  static  strains  are  shown  in  Table  5.  The  recorded  values 
shown  are  the  averages  for  the  two  bottom  gages  on  each  beam  for  runs  10  mph 
and  slower. 

The  calculated  static  strain  is  based  on  the  assumptions  that  the  axle  loads  of  the 
test  locomotive  are  concentrated,  transversely  distributed  equally  to  each  of  the  four 
beams.  It  was  also  assumed  that  the  section  was  uncracked.  The  concrete  28-day  strength 
was  not  available,  but  for  conversion  purposes  in  this  report  j'r  was  assumed  to  be 
6,000  psi  and  Ec  =  5,000,000  psi. 

The  stress  factor  or  the  ratio  of  the  recorded  strains  to  the  calculated  strains  is 
shown  in  columns  7  through  9.  It  can  be  seen  that  the  values  are  close  to  unity  and 
therefore  the  correlation  between  the  recorded  and  calculated  values  is  good,  with  regard 
to  the  assumptions  made.  The  stress  factors  ranged  from  0.83  to  0.94. 

The  distribution  of  load  to  each  beam  as  a  percentage  of  the  total  load  is  shown 
in  Fig.  41.  It  is  apparent  that  the  combination  of  the  transverse  post-tensioning  rods 
and  the  shear  keys  is  effective  in  the  transverse  distribution  of  the  live  load. 

8.  Maximum  Recorded   Strains   in  Prestressed  Concrete   Beams 
Under  Normal  Running   (Without  Braking  or  Traction) 

The  maximum  flexural  live-load-plus-impact  strains  recorded  at  the  bottom  of  each 
beam  are  shown  in  Fig.  42.  These  values  are  the  averages  of  the  two  bottom  SR-4  gages 
of  each  beam. 


Type  of  Loading 
Locomotive     

Strain 
micro  injin 
96 

Stress 

psi 

480 

61 S 

Speed 
mph 

IS 

IS 

Remarks 
Beam  2 

Car    

123 

Beam  4 

As  can  be  seen,  the  maximum  flexural  tensile  stress  for  the  locomotive  is  480  psi 
compared  to  the  calculated  stress  of  500  psi  plus  an  impact  factor  of  ii  percent  or 
665  psi. 

Since  the  precompression  of  the  bottom  fibers  was  about  1,775  psi  and  the  tensile 
stress  of  615  psi  represents  a  relief  of  the  precompression,  it  is  apparent  that  the  stresses 
produced  by  the  test  train  were  not  sufficient  to  overcome  this  precompression  and 
develop  a   resultant   tensile  stress. 

The  recorded  strains  for  the  cars  were  higher  than  for  the  locomotive  as  would  be 
expected,  since  the  Cooper  equivalent  for  the  cars  was  33  percent  more  than  that  for 
the  locomotive.  As  shown  on  the  charts  of  Fig.  42,  the  transverse  distribution  for  the 
regular  speed  runs  up  to  30  mph  for  the  test  train  indicated  equal  distribution  to 
the  beams. 

9.  Vertical    Distribution   of   Recorded   Static    Direct   and    Bending 
Stresses  in  Columns  Under  Normal  Running  (Without  Braking  or  Traction) 

The  individual  static-run  data  showing  vertical  distribution  of  direct  and  bending 
stresses  for  bents  8  and  9  are  shown  in  Figs.  43  and  44,  respectively.  On  the  left  of 
each  figure  is  shown  the  elevation  of  the  bent,  with  symbols  indicating  the  position  of 
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the  SR-4  strain  gages.  The  plots  show  the  individual  static  direct  and  bending  stress  for 
slow-speed  runs,  10  mph  and  under.  In  general,  the  direct  stresses  for  both  the  locomo- 
tive and  the  cars  were  the  same  over  the  length  of  the  column.  The  majority  were  in 
the  vicinity  of  125  to  150  psi.,  although  one  value  of  170  psi  was  recorded.  It  can  be 
noted  that  higher  bending  stresses  occurred  at  the  top  level  of  gages  for  bents  8  and  o. 
This  bending  is  the  result  of  the  eccentricity  of  the  live-load  reactions,  or  having  one 
span  on  the  bent  loaded  more  than  the  other.  Whereas,  under  the  action  of  braking  and 
traction,  the  maximum  bending  stresses  occurred  at  the  ground  line,  under  vertical  loads 
the  maximum  occurred  near  the  cap.  The  maximum  recorded  bending  stress  was  131  psi. 

10.  Vertical   Distribution  of   Maximum  Direct  and   Bending  Stresses  in 
Columns    Under    Normal    Running    (Without    Braking   or   Traction) 

On  Fig.  45  is  plotted  the  vertical  distribution  of  the  direct  stresses  for  a  range  of 
speeds  from  5  to  30  mph  which  were  recorded  on  bents  8  and  9.  Generally,  the  distri- 
bution of  direct  stress  was  in  the  vicinity  of  125  to  150  psi  for  each  level  of  the  column. 
Although  on  bent  8,  6  ft  above  the  ground  line,  a  high  direct  stress  of  195  psi  occurring 
under  the  car  at  a  speed  of  20  mph  can  be  noted.  M  this  same  speed  the  locomotive 
developed  190  psi. 

The  vertical  distribution  along  the  center  column  at  four  levels  of  bents  8  and  9 
for  the  bending  stress  is  plotted  on  Fig.  46.  In  most  cases,  the  solid  circles  denoting  car 
bending  stresses  were  higher  than  those  stresses  for  locomotives,  which  are  shown  as 
open  circles.  In  general,  at  the  top  level  of  the  piles  the  greatest  values  of  bending 
stresses  occurred.  As  can  be  seen  in  the  upper  left-hand  plot,  a  high  stress  of  140  psi 
for  the  cars  and  a  stress  of  95  psi  for  the  locomotive  can  be  noted.  At  the  lower  two 
levels    (i.e.,  6   ft  above  ground  line  and  at  ground  line)    the   recorded  values  are  less. 

On  Figs.  43  to  46,  incl.,  it  should  be  kept  in  mind  that  the  column  section  at  the 
ground-line  gages  due  to  the  lapped  reinforcement  is  greater  than  at  the  other  sections, 
and  the  recorded  stresses  were  about   10  percent  less  than  if  no  splice  had  been  made. 

11.  Comparison   of  Specified   Longitudinal  Forces  with  those 
Developed  by  the  Test  Train 

The  current  AREA  specifications  for  reinforced  concrete  trestles  recommend  a  live 
load  equivalent  to  Cooper  E  72,  and  with  respect  to  longitudinal  force: 

"The  longitudinal  force  resulting  from  the  stopping  and  starting  of  trains  shall  be 
either  the  force  due  to  braking,  equivalent  to  15  percent  of  the  total  live  load  without 
impact;  or  the  force  due  to  traction,  equivalent  to  25  percent  of  the  weight  on  the 
driving  wheels  on  the  span  without  impact,  whichever  is  the  greater. 

"For  trestles  not  exceeding  200  ft  in  length,  having  longitudinal  continuity  by  fric- 
tional  resistance  and  having  no  open  rail  joints,  the  entire  longitudinal  force  may  be 
considered  carried  to  the  embankments  at  the  end  of  the  trestle.  For  trestles  exceeding 
200  ft  having  continuity  of  members,  no  open  rail  joints  and  double  bents,  one-hall 
the  specified  longitudinal  force  shall  be  distributed  to  the  bents  in  proportion  to  their 
relative  stiffnesses." 

This  trestle  does  not  qualify  for  the  one-half  reduction  given  above  since  no  double 
bents  were  used  in  the  660-ft  total  length,  and  to  comply  with  the  specification  the  full 
longitudinal  force  should  be  applied. 

The  E  72  pier  reaction  for  two  33 -ft  spans  is  335.6  kips.  For  braking,  15  percent 
of  this  reaction  is  50.2  kips  and  should  be  applied  at  the  top  of  the  cap.  The  E  72  pier 
reaction  for  4  drivers  on  the  2  spans  is  310.0  kips  and  for  traction,  25  percent  of  this 
reaction  is  77,6  kips,  also  to  be  applied  to  the  top  of  cap. 
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The  Santa  Fe  engineers  recognized  that  the  full  AREA  longitudinal  force  would 
not  be  transmitted  to  these  bents  and  for  the  design  of  this  trestle  used  the  following: 

For  braking:  The  E  65  live  load  on  six  spans,  or  198  ft  of  trestle,  would  be  effec- 
tive for  a  braking  force.  The  longitudinal  force  would  be  one-half  of  15  percent  of  this 
live  load  distributed  equally  to  7  bents.  The  total  live  load  for  198  ft=  1,500  kips,  and 
the  braking  force  is  1500X3^X0.15  3=113  kips.  This  distributed  to  seven  bents  is 
113/7:=  16.1  kii>s  per  bent. 

For  traction:  The  E  65  live  load  on  each  span  would  have  four  drivers  effective 
for  the  tractive  effort.  The  longitudinal  force  would  be  one-half  of  25  percent  of  this 
live  load  distributed  equally  to  the  two  supporting  bents.  The  total  live  load  per  span 
=  260  kips,  and  the  traction  force  is  260  X '5^  X  0.25  =  32.5  kips.  This  distributed  to 
two  bents  is  32.5/2  =  16.3  kips  per  bent.  Thus,  the  railroad  design  for  bending  of  the 
columns  was  based  on  a  force  at  the  cap  of  16.3  kips. 

The   maximum  bent  reaction  of  the  test  train  is  158.5  kips.  The  calculated  braking 
force  to  a  bent  is  0.15  X  158.5  =  23.8  kips. 

With  tight  rail  joints  the  maximum  bent  force  corresponding  to  recorded  stress  was 
5.5  kips  and  with  loosened  bars,  5.9  kips.  These  values  are  23  percent  and  25  percent, 
respectively,  of  the  calculated  force. 

The  maximum  bent  reaction  of  the  test  locomotive  is  158.0  kips.  The  calculated 
traction  force  to  a  bent  is  0.25  X  158.0=39.5  kips. 

With  tight  rail  joints  the  maximum  bent  force  corresponding  to  recorded  stresses 
was  3.4  kips  and  with  loosened  bars,  3.5  kips.  These  values  are  9  percent  of  the  calcu- 
lated force. 

It  is  therefore  apparent  that  the  bent  forces  actually  developed  in  this  structure 
are  even  less  than  the  railroad's  assumptions  and  far  less  than  the  AREA  specification 
recommendation. 

F.  CONCLUSIONS 

On  the  basis  of  tests  on  this  structure  it  may  be  concluded  that: 

1.  The  maximum  longitudinal  bent  force  measured  was  from  braking  and  was 
23  percent  of  the  force  computed  on  the  basis  of  15  percent  of  the  test  train 
bent  reaction. 

2.  With  tight  rail  joints  the  percentage  range  of  total  longitudinal  braking  force 
resisted  by  the  bents  was  41  to  56  percent,  by  the  rails,  20  to  46  percent,  and 
by  the  backwalls  apparently  was  5  to  30  percent. 

3.  That  portion  of  the  longitudinal  braking  force  transmitted  to  the  bent  was 
resisted  by  all  bents  of  the  bridge,  acting  as  cantilevers,  including  those  which 
carried  no  vertical  live  load.  The  distribution  of  longitudinal  force  was  not 
uniform  throughout  the  length  of  the  bridge,  but  was  highest  for  bents  under 
the  test  train  and  gradually  decreased  with  increase  in  distance  from  the  test 
train.  Loosening  the  rail  joints  at  the  ends  of  the  bridge  increased  the  longi- 
tudinal force  resisted  by  the  bents. 

4.  The  maximum  longitudinal  force  resulting  from  braking  was  158  kips,  which 
was  12  percent  of  the  weight  of  the  train. 

5.  The  maximum  longitudinal  force  rsulting  from  traction  of  the  locomotives  was 
76  kips,  which  was  15  percent  of  the  weight  on  drivers. 

6.  Bending  stresses  were  recorded  in  the  columns  due  to  eccentricity  of  the  ver- 
tical  loads.   These   stresses   were   lower   than   those   resulting  from   longitudinal 


Long itudinal    Forces    in    a    Concrete    Trestle 


51 


forces.  Also,  bending  stresses  due  to  eccentricity  were  highest  near  the  tops  of 
the  bents,  while  the  stresses  due  to  longitudinal  forces  were  highest  near  the 
ground  line. 

7.  For  the  test  span,  the  arrangement  of  transverse  tie  rods  and  the  shear  keys 
used  was  effective  in  producing  a  very  nearly  uniform  distribution  of  the  live 
load  to  each  of  the  box  beams  comprising  the  span. 

8.  For  the  test  span,  the  ratio  of  recorded  to  calculated  strains  due  to  bending 
ranged  from  0.83  to  0.94. 

(The  tables  and  figures  referred  to  in  this  report  begin  on  page  52) 
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TABLE  4 
AT&SF  RY.  BRIDGE  50.9 
MOVEMENT  OF  BENT  8  IN  INCHES 


Run 

During  Braking 

During  Starting 

Number 

To  A  Stop 

From  Stop 

13 

0.097 

0.065 

14 

0.141 

0.070 

15 

0.156 

0.069 

39 

0.166 

0.038 

Tight  Rail  Joints 

40 

0.212 

0.052 

41 

0.114 

0.035 

42 

0.134 

0.025 

43 

— 

0.029 

46 

0.199 

0.059 

16 

0.016 

0.012 

17 

0.044 

— 

18 

0.138 

0.038 

19 

0.091 

— 

31 

0.146 

0.023 

Loosened  Rail  Joints 

32 
33 

0.118 
0.231 

0.018 
0.074 

34 

0.220 

0.064 

35 

0.174 

0.107 

36 

0.177 

— 

37 

0.127 

~ 

38 

0.168 

— 
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FIG.  41 
AT&SF  RY  BRIDGE  50.9 
TRANSVERSE  DISTRIBUTION 
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FIG.  45 
AT.  &  5.F    BRIDGE   50.9 
VERTICAL    DISTRIBUTIOM  OF  MAXIMUM  DIRECT   STRESSES  IM  COLUMNS 
o  LOCO,  •  CAR 
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FIG    46 
AT  K  5.F.   BRIDGE    50.9 

VERTICAL   DISTRIBUTION    OF  MAXIMUM  BENDING  STRESSES  IM  COLUMNS 
DUE    TO    ECCENTRICITY    OF   VERTICAL    LOADS 
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Some  Observations  on  Russian  Railroad  Practices* 

By  G.   M.  MAGEE 

Director  of  Engineering  Research,   AAR 

In  the  latter  part  of  April  of  this  year  I  had  an  opportunity  to  attend  a  United 
Nations  ECAFE  meeting  for  a  period  of  two  weeks  in  Russia  as  one  member  of  a  dele- 
gation of  four  to  attend  a  Workshop-Cum-Study  of  diesel  locomotive  maintenance  and 
operation  practices  of  the  Russian  railroads.  Other  members  of  the  delegation  were 
W.  M.  Keller,  vice  president — research,  AAR;  P.  V.  Garin,  assistant  chief  mechanical 
officer — engineering,  Southern  Pacific  Company ;  and  S.  G.  Guins,  assistant  director  of 
research,  C&O-B&O  Railway.  Inasmuch  as  Mr.  Guins  speaks  Russian  fluently  and  under- 
stands the  technology  of  railroading,  he  was  a  tremendous  asset  to  our  delegation. 

ECAFE  is  the  abbreviation  for  Economic  Commission  for  Asia  and  the  Far  East 
and  was  established  in  March  1947  to  "promote  measures  for  the  reconstruction  and 
economic  development  of  this  region."  It  has  been  a  practice  to  periodically  hold  Work- 
shops in  various  countries  of  the  region  where  significant  developments  in  railroad 
technology  have  been  made. 

The  Russians  had  planned  the  Workshop  to  give  the  delegates  not  only  an  under- 
standing of  various  phases  of  Russian  railroad  practices  but  also  an  insight  into  Russian 
culture  and  other  economic  developments,  such  as  collective  farming.  There  were  13 
countries  represented  at  the  Workshop  with  a  total  attendance  of  44.  ECAFE  was 
officially  represented  by  U.  Nyun,  executive  secretary;  M.  S.  Ahmad,  chief,  Transport 
and  Communications  Div-ision;  and  Akbar  Khabiri,  chief  of  the  Railway  Section. 

I  would  first  like  to  give  you  a  general  picture  of  the  Russian  railroad  system  and 
its  organization  following  which  I  would  like  to  describe  our  trip  and  show  you  some 
slides  [none  reproduced  herein]  which  I  hope  will  be  of  interest  to  you  and  give  you 
a  better  idea  of  Russian  railroading  and  Russian  life. 

As  a  background,  it  is  important  to  recognize  that  there  are  two  important  differ- 
ences between  conditions  for  railroading  in  Russia  and  the  United  States.  First,  the 
Soviet  railways  are  state  owned  and  operated  like  all  other  Soviet  industry.  Second- 
Russia  does  not  have  the  relatively  large  number  of  automobiles  and  trucks  nor  the 
extensive  network  of  good  highways  that  we  have  in  the  United  States.  There  is,  there- 
fore, no  competition  between  railway  and  other  forms  of  transportation  in  Russia. 

The  Russian  railroad  system  is  headed  by  a  Minister  of  Railroad  Transportation 
with  headquarters  in  Moscow.  The  system  includes  81,800  route  miles  and  is  divided 
into  25  regions.  The  total  staff  directly  connected  with  operations  and  maintenance  is 
1,900,000.  The  overall  staff  involved  in  railway  and  associated  operations,  including  med- 
ical personnel,  research  institutes,  railway  training  schools,  etc.,  is  3,300,000.  Each  of 
the  25  regions  has  its  own  supervisory  organization  and  operates  as  a  separate  unit 
except  that  it  is  under  the  overall  direction  of  the  Minister  of  Railroad  Transportation. 
All  railway  personnel,  including  supervisory  officers,  are  members  of  the  Railway  Labor 
Union  and  frequently  the  head  of  the  railway  in  a  given  area  may  also  be  the  head  of 
that  division  of  the  Railway  Labor  Union. 

The  Soviets  do  not  make  available  information  on  the  total  number  of  locomotives, 
freight  and  passenger  cars  in  use.  However,  in  1965,  46  percent  of  the  traffic  handled 
was  by  diesel  locomotives,  40  percent  by  electric  and  IS  percent  by  steam.  In  1959, 
67  percent  of  the  traffic  was  handled  by  steam,  so  it  is  apparent  that  substantial  progress 
has  been  made  in  dieselization.  The  Soviet  claim  that  in  1965,  1342  billion  ton-miles  of 


*  Address   presented    October    7,    1966,    to   the   Second   Regional    Meeting,    American    Railway   Engi- 
neering   Railway    Engineering   Association,    Robert    Meyer   Hotel,    Jacksonville,    Fla. 
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freight  traffic  was  handled  and  that  this  represents  46  percent  of  the  world's  total  rail- 
way freight  traffic.  In  this  same  year,  2  billion,  300  million  passengers  were  carried. 
Generally,  maximum  passenger  train  operating  speeds  are  87^  to  100  mph;  although 
we  were  advised  that  they  are  producing  units  for  suburban  traffic  that  will  have  speeds 
of  125  to  137  mph. 

Maintenance  of  diesel  locomotives  is  now  organized  to  be  handled  on  a  systematic 
basis  on  the  Soviet  railroads  to  reduce  road  failures  to  a  minimum,  and  this  was  the 
reason  that  the  Workshop  was  held  in  Russia  on  this  subject.  They  now  have  a  system 
of  what  they  call  preventive  maintenance  and  repair.  This  includes  a  daily  inspection 
requiring  one  hour  during  which  the  running  gear  is  checked,  engine  and  auxiliaries  are 
examined,  the  battery  is  checked,  and  any  minor  repairs  made.  A  routine  inspection  is 
made  every  ten  days  requiring  seven  hours  during  which  the  filters  are  cleaned  or 
replaced,  the  locomotive  lubricated,  and  any  corrections  made  from  crew  reports.  Minor 
repairs  are  made  at  three-month  intervals  requiring  36  hours.  Work  done  includes  check 
of  crankshaft  and  traction-motor  bearing  clearances,  compression,  brake  and  battery 
control  devices,  change  oil,  load  test  and  adjust.  Major  repairs  are  made  after  65,000 
miles  or  9  months,  requiring  six  days  work  to  remove  power  assemblies  annd  dismantle, 
remove  and  dismantle  auxiliaries,  remove  batteries,  turn  tires  in  place,  load  test,  and 
run-in  and  commission.  An  overhaul  is  made  after  130.000  miles  or  18  months,  requir- 
ing eight  days  during  which  a  component  replacement  is  made  on  unit  exchange  basis; 
the  trucks  are  changed  out,  the  generator  is  replaced,  and  a  load  test  made.  A  major 
overhaul  is  made  after  385,000  miles  or  four  years,  requiring  14  days,  and  this  involves 
a  complete  teardown  and  reconditioning  of  all  parts  including  crankshaft  reworking, 
stripping  and  painting,  run  test  and  commission.  The  inspections  are  made  in  a  running 
repairs  shed,  and  the  minor  and  major  repairs  and  overhaul  are  made  in  specialized 
depots  by  the  railway  region  personnel.  The  major  overhaul  or  reconditioning  is  per- 
formed at  a  larger  shop  run  by  the  Ministry  directly. 

With  a  total  main-track  mileage  of  106,000  they  are  laying  1,760,000  tons  of  new 
rail  per  year  or  12,500  track  miles.  They  are  placing  33  million  new  ties  per  year  with 
a  spacing  of  2,940  per  track  mile.  We  were  advised  that  all  new  rail. is  being  laid  con- 
tinuously welded  on  prestressed  concrete  ties.  A  length  of  800  meters  is  welded  by 
electric  flash  butt  welding  at  the  welding  site.  This  is  laid  in  track  with  two  25-meter 
length  rails  at  each  end  with  a  regular  rail  joint  similar  to  ours,  and  at  each  end  of  this 
an  insulated  rail  joint,  also  similar  to  ours.  The  prestressed  concrete  ties  used  are  similar 
in  construction  to  the  English  design,  known  in  this  country  as  the  Dow-Mac  tie; 
although  the  fastening  is  the  type  used  on  the  German  railways,  known  in  this  country 
as  the  GEO  type.  A  good  quality  of  crushed  rock  ballast  to  a  depth  of  9  in  under  the 
tie  is  used  with  an  8-in  depth  of  gravel  sub-ballast.  The  maximum  axle  load  permitted 
is  about  50,000  lb.  I  did  not  have  an  opportunity  to  observe  the  extent  to  which  labor- 
saving  equipment  is  being  used  in  track  maintenance  operations  except  in  connection 
with  rail  and  tie  renewal. 

I  would  now  like  to  describe  our  tour  which  included  four  cities  in  the  following 
order — Tashkent,  Samarkand,  Leningrad  and  Moscow.  Tashkent  was  selected  as  the  key 
location  for  the  Workshop  because  it  is  the  headquarters  of  the  Middle  Asian  Railway, 
one  of  the  first  of  the  regions  to  become  completely  dieselized.  We  arrived  in  Tashkent 
very  early  on  Thursday  morning,  April  14.  Inasmuch  as  most  of  the  delegates  had  been 
delayed  by  one  day,  we  went  first  to  a  hotel,  similar  to  a  motel  in  the  United  States, 
which  was  opened  exclusively  for  our  use  during  the  Workshop.  We  were  then  taken 
to  the  Hotel  Tashkent  where  we  changed  United  States  currency  into  Russian  rubles, 
following  which   we  were   taken   to   a   very  interesting  museum   containing  exhibits   of 
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handicraft  of  the  area.  Tashkent  is  in  the  southern  tip  of  Russia  near  China,  India, 
Pakistan,  Afghanistan  and  Iran.  It  maintains  much  of  oriental  influence;  in  fact,  Tash- 
kent is  in  the  Soviet  Republic  of  Uzbekistan  and  the  Uzbek  language  is  spoken  rather 
than  the  Russian  language. 

On  Friday  the  Workshop  officially  started  with  a  meeting  at  the  railway  head- 
quarters with  an  opening  address  by  the  first  deputy  chairman  of  the  Uzbek  Council  of 
Ministers.  Mr.  Kadyrov,  chief  of  the  Middle  Asian  region  was  chosen  to  preside  over  the 
Workshop.  Several  papers  were  presented  and  discussed  in  the  technical  session.  Inas- 
much as  Tashkent  is  the  headquarters  for  a  large  area  of  the  Moslem  faith  and  Friday 
is  their  weekly  day  for  worship,  we  had  been  invited  to  attend  a  Moslem  religious  serv- 
ice. Preceding  the  service,  the  mufti  or  head  of  the  Moslems  in  that  region  described  the 
manner  in  which  the  religious  affairs  were  handled  and  coordinated  with  the  Russian 
political  government.  We  then  were  treated  to  a  sumptuous  banquet. 

Saturday  morning  was  again  devoted  to  technical  papers  at  the  official  meeting  hall. 
After  lunch  we  visited  the  Railway  Institute  in  Tashkent.  This  institute  was  established 
in  1931  and  has  8,000  students  total,  including  2,400  day,  1,600  evening,  4,000  cor- 
respondence. Mechanics,  construction,  civil  engineering,  economics,  communication,  auto- 
mation and  commuting  are  taught.  The  institute  includes  18  laboratories  very  well 
equipped.  We  were  shown  their  computer  facilities.  Of  particular  interest  were  two 
model  railroads;  one  was  a  complete  layout  for  an  automatic  hump  yard;  the  other  was 
a  multiple-track  system  illustrating  the  use  of  automatic  block  signaling  and  what  we 
call  Centralized  Traffic  Control.  These  two  model  railroads  were  used  for  training  stu- 
dents in  the  actual  operation  of  such  facilities  on  the  railroad.  In  general,  the  curriculum 
is  updated  currently  to  give  instructions  in  the  use  of  the  newest  types  of  equipment. 
The  institute  has  dormitory,  hospital,  club  and  sports  facilities.  The  day  course  requires 
five  years,  the  evening  course  six  years  and  the  correspondence  course  eight  years.  There 
is  no  degree  granted  and  no  tuition  charged.  A  stipend  or  monthly  allowance  to  cover 
living  expenses  is  paid  students  by  the  government.  However,  to  be  admitted  applicants 
must  pass  an  entrance  or  competitive  examination.  More  students  apply  than  can  be 
trained. 

On  Sunday  we  were  taken  by  bus  to  see  a  large  collective  farm  not  far  from  Tash- 
kent. We  were  greeted  when  we  arrived  at  the  farm  by  a  large  number  of  the  farmers, 
their  wives  and  particularly  a  large  number  of  children  of  school  age.  We  were  taken 
into  an  assembly  hall  in  the  community  meeting  house  and  the  chairman  of  the  farm 
described  at  some  length  the  farm  and  its  method  of  operation.  This  farm  consists  of 
approximately  2,000  hectares  (1  hectare  ^  2.471  acres)  of  plowed  and  irrigated  land,  of 
which  1,400  hectares  are  irrigated.  There  are  1,042  farmers  with  5,000  total  population. 
About  one-half  of  the  homes  have  gas  and  all  have  electricity  and  water.  In  effect  the 
farm  operates  as  a  self-contained  entity  except  for  the  purchases  of  machinery  and  other 
manufactured  goods.  The  farmers  receive  an  average  income  of  120  rubles  per  month, 
about  150  dollars  in  our  money.  In  addition  each  farmer  has  1.500  square  meters  of  land 
^vith  his  home  to  produce  vegetables  and  raise  stock  for  his  own  use.  At  the  end  of  the 
year,  6  percent  of  net  income  goes  to  the  Soviet  government  and  the  remainder  is  dis- 
tributed as  a  bonus  to  farmers  and  other  workers  on  the  collective  farm.  We  then 
inspected  the  boarding  school  on  the  farm  where  children  can  live  during  the  week 
while  their  parents  are  engaged  in  farm  work.  We  were  next  taken  to  what  looked  a 
httle  like  an  open  bandstand  with  a  roof  over  it  for  another  excellent  Uzbek  banquet. 
Following  this  we  returned  to  Tashkent  and  were  shown  one  of  their  new  shopping 
centers. 

Bui.  601 


106         Some    Observations    on    Russian    Railroad    Practices 

On  Monday  we  went  first  to  see  the  October  Revolution  Shop  which  is  one  of  the 
major  overhaul  shops  supervised  by  the  Ministry  of  Railways.  This  shop  does  repair 
work  for  two  of  their  Soviet  region  railways.  This  shop  completely  rebuilds  from  30  to 
35  units  per  month  at  an  average  cost  of  $23,000.  We  were  taken  on  a  tour  through 
the  complete  shop  facilities  to  see  the  work  under  way  on  the  different  components  that 
make  up  the  diesel  locomotive.  In  the  afternoon  we  reconvened  at  the  Railway  Center 
building  for  the  presentation  and  discussion  of  additional  technical  papers.  We  were  then 
taken  by  one  of  their  new  three-unit  diesel  commuter  trains  to  inspect  the  relaying  of 
track  with  prestressed  concrete  ties  and  continuous  welded  rail. 

We  were  advised  that  near  Tashkent  there  is  an  assembly  plant  where  the  concrete 
ties  are  assembled  on  relay  rail  12J^  meters  long.  The  panels  are  then  taken  out  to  the 
laying  site  on  a  special  train,  stacked  six  high  on  each  car.  In  the  operation  we  observed, 
the  line  was  double  track  and  one  track  was  taken  out  of  service  for  the  relaying. 
Although  we  did  not  see  this,  we  were  advised  that  a  ballast  cleaner  worked  ahead  and 
cleaned  the  ballast  under  the  old  track,  replacing  it  after  it  was  cleaned.  Next,  the  old 
track  of  2S-meter  rail  lengh  with  wood  ties  was  picked  up  panel  by  panel  and  stacked 
on  cars  of  a  special  train.  A  tractor  drawing  a  harrow  or  ballast  plow  loosened  the  old 
ballast  and  reshaped  it  so  it  was  somewhat  higher  under  each  rail  than  in  the  middle 
of  the  track.  Next,  a  very  ingenious  ballast  compactor  "walked"  down  the  ballast  section 
compacting  it  to  the  desired  cross  section.  After  this  came  the  panel-track-laying  crane 
which  positioned  the  12'J^-meter  long  panels.  These  were  joined  with  temporary  splice 
bars.  Following  the  panel  laying,  a  ballast  train  with  specially  designed  ballast  cars 
unloaded  ballast  to  somewhat  overfill  the  cribs  for  about  a  foot  each  side  of  each  rail. 
The  track  was  next  raised  and  tamped  with  multiple-unit  tampers,  lined,  and  the  ballast 
section  shaped.  Although  we  did  not  see  this,  we  were  advised  that  the  next  operation 
was  to  bring  out  continuous  welded  lengths  of  new  rail,  800  meters  long,  and  lay  these 
in  place  of  the  123^ -meter  relay  rail.  We  were  also  advised  that  two  25 -meter  lengths 
of  rail  were  fastened  at  each  end  of  the  welded  string  with  conventional  six-hole  joint 
bars,  and  then  six-hole  insulated  bars  similar  to  the  type  used  in  this  country  were 
placed  for  the  block  signals.  This  gives  a  length  between  block  signals  of  900  meters  or 
0.56  miles.  The  standards  for  ballast  section  calls  for  a  gravel  base  8  in  thick  with  9  in 
under  the  tie  of  crushed  stone  ballast. 

On  Tuesday  we  went  to  the  Tashkent  Station  and  saw  the  control  tower  that 
handles  the  operation  of  switches  and  signals  or  in  effect  a  CTC  operation  in  the  Tash- 
kent area.  The  control  board  was  operated  by  a  woman.  They  used  plug-in  relays  and 
had  six  cabinets  of  these  for  operating  switches  and  signals.  The  relays  are  similar  to 
the  German  telephone-type  relay.  They  employed  route  relay  interlocking.  The  tower 
controls  the  trackage  for  2%  kilometers  each  way  from  the  station.  The  operator  has 
constant  radio  communication  to  trains  in  the  yards  and  telephone  communication  to 
the  station  master  and  dispatcher.  We  were  told  that  all  road  trains  on  the  Soviet  rail- 
ways have  radio  communication;  the  switching  locomotives  also  have  radio  communica- 
tion but  on  a  different  frequency  range.  The  Tashkent  Station  handles  8  to  10  freight 
trains  and  30  passenger  trains  daily. 

Returning  from  the  tower  to  the  station,  observation  was  made  of  the  type  of  turn- 
out construction  used.  The  switch  points,  frogs  and  guard  rails  are  of  the  German  type 
of  construction.  The  switch  points  are  forged  so  that  they  are  considerably  less  in 
height  where  they  contact  the  slide  plates  than  at  the  heel  where  they  fit  into  the 
closure  rails.  A  thick  slide  plate  is  used  which  fits  up  on  top  of  the  base  on  the  inside 
of  the  stock  rail.  We  then  resumed  our  technical  session  for  the  remainder  of  the  day 
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and  left  that  night  on  special  sleeping  cars  assigned  to  our  use  but  operated  in  a  regular 
train  to  Samarkand,  an  overnight  trip. 

At  Samarkand  we  inspected  a  major  repair  shop.  Here  piston-ring  wear  was  checked 
and  an  analysis  made  of  the  lubricating  oil.  Shops  were  also  inspected  where  various 
components  of  the  locomotive  were  checked  and  repairs  made  as  required.  This  shop 
has  a  machine  for  turning  locomotive  wheels  without  removing  them.  After  the  .shop 
inspection  the  group  assembled  in  a  meeting  room  to  afford  opportunity  for  questions 
and  answers.  A  considerable  part  of  this  period  was  devoted  to  questions  regarding  the 
manner  in  which  the  labor  unions  operate.  The  afternoon  was  devoted  to  a  sight-seeing 
trip  of  three  mausoleums  in  the  vicinity  of  Samarkand  which  were  built  in  the  14th 
Century.  We  also  were  shown  what  remains  of  the  sextant  of  Ulugbck,  astronomer  and 
grandson  of  Tamerlane  who  ruled  in  the  14th  century  and  was  overthrown  and  beheaded 
by  his  son.  The  first  mausoleum  we  saw  was  built  for  the  nephew  of  Mohammed.  The 
next  was  built  by  Ulugbek  as  a  school  or  seminary  used  for  the  teaching  of  science. 
The  last  one  we  saw  was  where  Tamerlane  was  buried.  In  1970  Samarkand  will  celebrate 
its  2300th  anniversary. 

We  returned  to  Tashkent  overnight  and  went  by  plane  Thursday  to  Leningrad.  On 
Friday  morning  we  had  a  technical  ses.sion  with  the  head  of  the  October  railways,  the 
headquarters  of  this  region  being  at  Leningrad.  We  were  told  that  the  first  railway  in 
Russia  was  built  from  St.  Petersburg  (now  Leningrad)  to  a  suburb  and  that  in  1851 
the  first  two-track  railway  was  built  between  St.  Petersburg  and  Moscow.  We  were  told 
that  each  of  the  25  railway  administrations  of  the  USSR  had  its  own  administration 
which  is  subdivided  into  operation,  commercial,  traction,  car  and  coach,  power  supply, 
signahng  and  communication,  permanent  way,  planning  and  designing,  construction 
department,  stores  department,  medical  department,  high  schools  and  colleges.  The  per- 
manent way  has  its  own  quarries,  rail  welding  and  track  construction  equipment.  The 
line  from  Leningrad  to  Moscow  is  electrified  and  new  rail  being  laid  on  this  line  is 
65  R  or  131  lb  per  yard.  The  electric  locomotives  used  have  5,700  hp  per  unit  with  six 
axles  and  a  total  weight  of  128  metric  tons.  Much  work  is  being  done  on  automation, 
including  automation  of  hump  yards  and  use  of  computers  for  programming  routes. 
It  is  hoped  in  the  near  future  to  program  and  automate  the  entire  work  in  the 
Leningrad  area. 

Because  of  the  low  temperature  at  Leningrad,  ice  and  snow  offer  jjroblems.  Two 
systems — vibrating  of  pantograph  and  heating  of  catenary — arc  u.sed  to  maintain 
catenary  contact.  Special  devices  are  used  for  blowing  snow  off  switches  and  special 
machines  are  used  for  clearing  snow.  These  include  both  compressed  air  for  blowing 
snow  off  the  track  and  also  snow  trains  which  have  car  conveyor  Ijelts  for  clearing  the 
snow  from  the  trackage  and  hauling  it  to  where  it  can  be  disposed  of.  In  the  afternoon 
the  delegation  was  taken  on  a  sight-seeing  tour  of  the  many  beautiful  palaces  remaining 
from  the  czarist  regime  and  now  being  used  as  office  or  apartment  buildings  and  also 
through  the  Hermitage  museum  in  the  Winter  Palace  built  by  Catherine  the  Great. 

On  Saturday  we  were  shown  an  inspection  facility.  This  facility  included  equip- 
ment for  check  of  fuel  oil,  lubricating  oil,  cooling  water,  repair  of  electrical  instrumen- 
tation and  a  metallurgical  laboratory.  Most  of  the  laboratory  personnel  were  women. 
They  had  brought  in  one  of  the  diesel  hydraulic  locomotives  so  we  would  have  an 
opportunity  to  examine  it.  Other  equipment  in  this  shop  included  a  jig  for  rotating  the 
TEP  60  engine,  a  machine  for  grinding  valves  and  two  machine  rooms — one  with  smaller 
tools  such  as  shapers,  grinders  and  lathes,  milling  cutters  and  drills  and  another  with 
larger  tools  such  as  a  large  lathe  for  turning  rotors  and  a  commutator  slot  grinder. 
Saturday  night  we  returned  to  Moscow.  On  Sunday  we  were  taken  for  a  tour  of  the 
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city.  This  tour  included  the  Kremlin,  Lenin's  Tomb,  and  a  large  museum  inside  the 
Kremlin  walls.  We  also  saw  the  University  of  Moscow  and  a  large  community  swimming 
pool  which  is  heated  for  swimming  all  the  year  around. 

On  Monday  morning  we  had  a  meeting  at  the  Central  Institute  of  Scientific  and 
Technical  Information.  Professor  Foufryansky  answered  several  questions  which  he  had 
requested  the  delegates  to  write  out  and  hand  to  him  during  the  previous  days,  par- 
ticularly questions  which  he  could  not  answer  off-hand.  Mr.  Nikaronov  then  gave  a 
talk  on  the  activities  of  the  Department  of  the  Ministry  which  is  engaged  with  the 
development  and  acquisition  of  locomotives  and  cars.  He  stated  that  they  are  thinking 
about  3,000-  to  4,000-hp  units  for  diesels  and  5,S00-hp  (6-axle  trucks)  and  7,000-hp 
(8-axle  trucks)  for  electric.  He  stated  that  on  January  1,  1966,  25,000  kilometers  of 
route  mileage  was  electrified  and  S2,S0O  was  dieselized  and  that  these  two  combined 
carry  86  percent  of  the  total  traffic  in  the  USSR.  At  noon  we  had  a  meeting  with  Mr. 
Beschef,  the  Minister  of  Railway  Transport.  He  welcomed  the  group  to  Russia  and 
very  kindly  offered  to  answer  any  questions  that  had  not  been  answered  in  the  pre- 
ceding days  of  our  visit  there.  Following  this  there  was  a  trip  to  the  Exhibition  Museum 
of  Science  and  Research.  This  was  most  interesting  as  it  contained  working  replicas  and 
demonstration  models  of  different  types  of  locomotive,  freight  car,  passenger  car,  rail 
section,  concrete  tie,  ultrasonic  and  magnetic  rail  testing  machine.  Centralized  Traffic 
Control  circuits  and  equipment,  etc. 

Tuesday,  the  last  day  of  the  Workshop,  was  spent  at  the  Central  Railway  Research 
Institute  Field  Test  Belt  Line.  This  includes  extensive  laboratory  facilities  and  a  circular 
test  track  or  belt  line,  6  kilometers  in  circumference.  Actually,  there  are  three  test  tracks. 
The  outer  one  is  a  perfect  circle  and  is  used  for  running  tests.  The  two  inner  tracks 
have  variations  in  alinement,  curvature  and  grade,  and  are  used  for  testing  track  mate- 
rials, signal  circuits  and  performance  of  equipment.  The  laboratory  facilities  were  quite 
complete  and  included  equipment  for  building  locomotives  and  cars  as  well  as  for  testing 
them.  A  large  machine  was  provided  for  making  an  endwise  compression  test  on  a  com- 
pleted car  or  locomotive  body.  We  were  shown  roller-bearing  test  machines  and  an 
instrument  car  equipped  with  a  large  number  of  oscillographs  for  measuring  equipment 
performance  while  running  on  the  test  trackage.  They  also  have  a  dynamometer  car 
for  use  on  the  test  tracks.  Of  particular  interest  on  one  test  track  was  a  section  of  pre- 
stressed  concrete  ties  and  another  section  of  reinforced  concrete  rail  support.  We  also 
saw  a  100-ton-capacity  hopper  car  on  six-wheel  trucks  and  a  12S-ton-capacity  car  on 
eight-wheel  trucks. 

On  our  return  trip  we  spent  a  day  at  the  new  British  Railways  Design,  Research 
and  Development  Center,  at  Derby.  When  completed  this  center  will  have  a  staff  of  600. 
At  the  time  we  were  there,  only  about  40  percent  of  the  building  was  completed.  We 
saw  the  computer  center,  the  large  bay  containing  hydraulic  equipment  for  repeated  load 
testing  of  rolling  stock  and  bridge  structures  and  several  machines  for  simulated,  environ- 
mental testing.  When  completed  this  center  will  provide  the  British  railways  with  an 
excellent  facility  for  meeting  its  research  requirements. 
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The  Autojack  Electromatic 
with  Autoliner  leads  the  way 
through  these  advantages: 

#  Gives  the  highest  possible  degree  of  accuracy  by  electronic 
beams  projected  100  feet  in  advance  of  where  levelling, 
lining  and  tamping  are  taking  place. 

•  Automatic,  continuous  operation  for  both  tangent  and 
curve  track.' 

#  No  plotting  of  spirals  or  curves  required.  Machine  computes 
as  it  runs  for  the  best  transition. 

#  No  disturbing  or  humping  of  track  —  lining  takes  place 
simultaneously  with  lifting  and  tamping  ahead  of  tamping 
tools. 

•  With  the  Autoliner,  it  is  possible  to  make  a  minute  throw 
and  have  it  stay  there  because  tamping  is  done  in  correct 
alignment. 

'Model  ALT  for  Tangent  track  and  Model  ALC  for  Tangent 
and  Curve  Track,  both  available  as  attachments  for 
existing  AUTOJACK  ELECTROMATICS. 

TAMPER   INC. 

Head  Office  &  Plant— 2401  Ed- 
mund Rd.,  West  Columbia  (Colum- 
bia),   S.    C. 

29169    .  803/794-9160 
Plant  — 160    St.    Joseph    Blvd., 
Lachine   (Montreal),   Que.,   Canada 

•  514/637-5531 

Parts  Depot — 2147  University 
Ave.,  St.  Paul,  Minn.  55115  . 
612/5055 

Information  on  the  Autoliner  and  Auto- 
jack Electromatic— or  other  track  main- 
tenance machines,  is  available  on 
request. 
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Machine  knocks  off,  ejects  ties,  lines  track  behind  plow  while  above  subgracJe 


Mannix  AUTO-TRACK 

liminates  15  to  20  Men 


PLOWING,  TIE  REPLACEMENT,  TRACK  ALINEMENT  are 
accomplished  faster  and  with  fewer  men  using  the  new 
Mannix   AUTO-TRACK   unit. 


Hydraulic   hammer   on   each    side   knocks   tie   down.    Con 
veyor  belt  ejects   tie  to   either  side. 


^    ^ 


NOW,  lease  or  purchase  MANNIX  Auto-Track 
Equipment  to  operate  with  railroad  crew  for 
greatest  convenience  and  maximum  savings. 
Write  for  details.  Arrange  showing  of  operating 
films  with   no  obligation. 


Lining  head  controlled  by  levers 
near  rear  end  where  operator 
observes  alinement.  One  man 
replaces   lining  crew. 


MANNIX 

INTERNATIONAL 


Phone:   Liberty   5-0411 

Box   7485 

MINNEAPOLIS    22,    MINNESOTA 


USE  TIE  PLATE 
LOCK  SPIKES 


One-piece  Design 

LOCK  SPIKES  hold  tie  plates  firmly  in  place  on 
cross-ties  and  bridge  timbers. 

LOCK  SPIKES  are  quickly  and  easily  driven, 
or  removed,  with  standard  track  tools. 

Driven  to  refusal,  the  spread  shank  is  com- 
pressed by  the  walls  of  the  hole.  Tie  plates  are  held 
against  horizontal  and  vertical  movement  under 
spring  pressure.  Play  between  the  spike  and  the 
hole  is  eliminated — abrasion  and  seating  of  tie 
plates  is  overcome. 

LOCK  SPIKES  hold  their  position  in  the  tie, 
and  redriving  to  tighten  the  plate  is  not  required. 
They  provide  a  quiet  and  strengthened  track. 

Annual  cost  of  ties  and  maintenance  expense  is 
reduced  by  extending  the  life  of  ties  and  holding 
gage.  Here  is  one  answer  to  conservation  of  ma- 
terials and  labor.  Write  for  free  folder. 

BERNUTH,  LEMBCKE   CO.,  INC. 

420  Lexington  Avenue,  New  York  17,  N.  Y. 


Actual 
Size 


rugged  double-flange 
supporl  for  greotest 
gripping  power,  from 
end  to  end. 


Doubleflange  for  wide 
striking  surface.  Chon- 
neloc  is  easy  to  apply 
with  sledge,  maul  or 
machine— no  skewing. 


Channelocisl007oti. 
beoring  with  gene 
contact  surface.  Won 
disturb   tie   plates,   o 
it  doesn't  touch  them 


Chonnelo 
of  bar  slo 


Roil  contact  surface  is 
accurately  formed  and 
omple  .  .  .  keeps  the 
Channelcc  holding  tight 
for  o   long,   long   lime. 


Smoothly  formed  con- 
tours distribute  stress 
over  wide  area.  Plenty 
of   reserve  gripping 

power  for  reopplicotion. 


I  RUE  lEMPER, 

LEADING    MAKER    OF  ACTION    PRODUCTS 

RAILWAY  APPLIANCE  DIVISION,  CLEVELAND.   OHIO  44115 


Tie  your  weed  control  program  to  effective,  low-cost  UROX 
Railroad  Weed  Killers.  A  complete  line— right  for  your  weed 
problems,  your  climate  conditions,  your  application  methods. 
One  application  can  last  up  to  18  months.  Smaller,  follow-up 
"booster"  applications  continue  control  inexpensively.  Write 
or  phone. 


NITROGEN    DIVISION 

Agricultural  Chemicals  Department 
40  Rector  St.,  New  York,  N.Y.  10006 


/(ershaw  Trackwork  Machines 


Weed  And  Brush  Cutter  (Track  Patrol) 

Designed,  Tested,  and  Proven 

on  America's  Railroads 

Kershaw 


MANUFACTURING  CO.  ^ 


MONTGOMERY 


w 


ALABAMA 


Trackwork  Equipment-  Developed  and  Proven  On  the  Job 

Heavy  Duty  Ballast  Regulator,  Scarifier  and  Plow,  Standard  Ballast  Regulator,  Sacrifier  and  Plow, 
Track  Broom,  Super  Jack-All,  Standard  Jack-All  Kershaw  Kribber,  Two-Wheel  Kribber,  Tie  Bed  Sacrifier 
Tie  Inseter,  Track  Undercutter-Skeletonizer,  Ballast  Cleaner,  Crib-Adze,  Mocar  Crane,  Track  Crane  and 
Tie  Inserter,  Utility  Derrick,  Two-Ton  Rail  Derrick,  Tie  Replacer,  Dual  Tie  Saw,  Track  Liner,  Snow 
Switch  Cleaner,  Weed  and  Brush  Cutter  (Track  Patrol). 


TTIBOME 


MODEL  441 

Developed  and  Built 
for  Railroad  Maintenance 

180'  BOOM  SWING 

l>0£S  ALL  JOBS! 


LAYING  STANDARD  RAIL 


CUTS     MAINTENANCE     COSTS 


12  fASJ  CHANGE  ATTACHMENTS 


•  Forks 

•  l'/4  Cu.  Yd.  Bucket 

•  Tote  Hook 

•  18'  Boom  Extension 

•  Fork  Tie  Baler 

•  Track  Cleaning   Bucket 


•  Bock  Hoe 

•  Clamshell 

•  Back  Filler  Blade 

•  Pull   Drag   Bucket 

•  4  Cu.  Yd.  Snow  Bucket 

•  Pile  Hammer 


9'  WIDE   TRACK   CLEANING   BUCKET 


Optional  Attachment 
Flanged  Wheels,  Hydroulically  Controlled 


PETTIBONE  MULLIKEN  CORPORATION 


RAILROAD^^^^jte.    DIVISION 

141    W.  JACKSON  ^^^J^^*^    CHICAGO  4,   ILL 

80  Years  of  Service 
to  the  Railroad  Industry 


NEW  and  RELAYING 

RAIL 

Switch  Material  •  Tools 
Track  Accessories 

PILING 

Rental  Steel-Sheet  Piling 
Pipe  Pile  •  H-Bearing  Pile 

PIPE 

Tested  and  Structural 

All  Sizes  1/8"  thru  48" 

Valves,  Fittings,  Flanges 

Immediate  delivery 

from  Foster's  nationwide 

warehouse  stocks. 


Specialists  to  the  Railroads 


tLmwMxaM^o 


Pittsburgh  New  York 

Cleveland  Chicago 

Los  Angeles  Detroit 

San  Francisco  Houston 


Atlanta 


Orlando 


P  m 

Hubbard  Super  Service  Alloy  Spring  Washers 

Hubbard  Super  Steel  Alloy  Spring  Washers 

Hubbard  Track  Tools 

Hubbard  Tool  Division 

UNIT  RAIL  ANCHOR  CORPORATION 

New  York  Pittsburgh  Chicago 


t 


NEW  YORK 


Unit  Rail  Anchor 

UNIT  RAIL  ANCHOR  DIVISION 

UNIT  RAIL  ANCHOR  CORPORATION 

PITTSBURGH 


% 


CHICAGO 


NEW...Road-N-Rail 

Trailer 


with  Hydraulic  Powered 

TILT-BED 


for  EASY  LOADING-UNLOADING 


Big60"x84"Deck 
Capacity  5,000  lbs. 


A  rugged  trailer  designed  lor  easy  handling  of  heavy  or 
unwieldy  loads.  Tilt-Bed  makes  it  easy  to  slide  loads  on  and 
off.  Winch  (optional)  lets  one  man  do  the  job.  Extendable 
tongue  lets  long  loads  overhang  front  and  back  and  makes 
trailer  easier  to  handle.  Optional  extras  include  box  sides  and 
ends,  manual  or  power  winch  and  others. 

^^T|"^^^  For  complete  details  and  specifications  write,  wire  or  call: 

(W)  WOOLERY  MACHINE  CO. 

^*>-_^>^      2919  Como  Avenue  S.E.,  Minneapolis,  Minnesota  55414,  Phone  (612)  331-2552 


THE  DOUBLE  U  RAIL  ANCHOR 

ACHUFF  RAILWAY  SUPPLY  CO. 
ST.  LOUIS,  MO. 


Assure  lower  maintenance  costs, 
better  performance  with... 

\      TEXACO 

I      Petroleum  Products  and 
Systematic  Engineering 
Service 


TEXACO  INC. 

RAILWAY  SALES  DIVISION 

135  East  42nd  St..  New  York  17,  N.  Y. 
NEW  YORK  .  CHICAGO  •   SAN  FRANCISCO  •  ST.  LOUIS  •  ST.  PAUL  •  ATLANTA 


r 


~\ 


At  temperatures  as  low  as  — 65°F.  and  pressures  to 
300  psi,  new  Aeroquip  Air  Brake  Hose  is  fully  reliable 
for  exposed  or  unexposed  railroad  air  brake  applica- 
tions. This  low  temperature  hose  is  specially  built  to 
withstand  the  severe  conditions  encountered  in  con- 
nection and  disconnection  of  air  brake  hose  lines. 
And  Aeroquip  Reusable  Fittings  plus  a  small  stock  of 
bulk  hose  permit  quick  and  easy  replacement  of  any 
length  of  hose  line. 

Constructed  with  a  rugged  Neoprene  inner  tube, 
steel  wire  braid  reinforcement,  and  a  synthetic  rubber 
cover,  this  new  hose  is  available  in  sizes  from  ^2"  to 
1%"  I. D.— with  a  variety  of  gladhands  and  swivel  pipe 
thread  adapters. 

For  more  information,  contact  your  Aeroquip  Dis- 
tributor. Or  write  for  your  free  copy  of  Railroad  Engi- 
neering Bulletin  REB-21.  Aeroquip  Corporation, 
Industrial  Division,  Jackson,  Michigan.  Aeroquip  prod- 
ucts are  protected  by  international  patents. 


eroquip 


INDUSTRIAL  DIVISION 


One  complete  service,  One  low  charge 


Each  Sperry  test  car  contains  evei-ything  needed  to  test  rail  .  .  .  induc- 
tion equipment,  ultrasonic  equipment,  motive  power,  crew  and  crew 
quarters.  This  self-sufficiency  means  a  complete,  unbiased  test  of  each 
rail  from  end  to  end  ...  a  one-time  operation  that  restores  lines  to 
normal  traffic  in  minimum  time. 

Sperry  service  also  provides  reports,  analysis,  recommendations  and 
comprehensive  reviews.  The  one  mileage  charge  pays  for  everything 
.  .  .  equipment  maintenance,  car  depreciation,  statistical  recording, 
accounting  and  operating  costs.  Spsrry  far  surpasses  every  other  rail 
service  in  research,  efficiency  and  thoroughness,  making  its  charge  the 
lowest  true  cost  per  mile  and  per  defect  found.  Details  and  technical 
assistance  on  request. 


SPERRY  RAIL  SERVICE 

A    DIVISION   OF   AUTOMATION    INDUSTRIES,    INC. 

General  Offices  DANBURY,   CONN. 


P.   A   M.   PRODUCTS 

•  IMPROVED   FAIR   Rail  Anchors 

•  XL-1   FAIR  Rai  I  Anchors 
RAIL  JOINT  PRODUCTS 

•  Rajo  Joints 

•  Insulated  Joints 

•  Compromise  Joints     JllfO^ 

•  Fibre 

MAINTENANCE   EQUIPMENT  PRODUCTS 

•  Meco  Rail  and  Flange  Lubricators 

•  Meco  Rail  Layers 

•  Meco  Brush  Cutters 

_    •  MACK  Reversible 

^      Switch  Point  Protectors 


PEERLESS   EQUIPMENT  PRODUCTS 


552ABRR 


•  Draft  Gears 

•  Rail  Titan 
Batteries 


IN   CANADA: 
Thr  P    I    M    Company  Ltd 


PRODUCTS  OP  PROGRESS 


POOR  &  COMPANY 

Railway  Products  Division,  80  E.  Jackson  Blvd.,  Chicago,  III.  60604 
90  West  Street,  New  York,   N.  Y.  10006 


What's  he  doing  1 

Drilling  one  of  12,000 
inspection  holes  in 
this  1300'  creosoted 
pine  trestle 

Why? 

to  locate  internal 
decay  and  evaluate 
remaining  timber 
strength. 

That's  what  we 
mean  by  inspection 
and  in-place  treatment 


OSMOSE  WOOD  PRESERVING  CO. 
OF  AMERICA,  INC. 

980  Ellieott  St.,  Buffaro,  N  .  Y.   14209 


yj^  WOODINGS-VERONA  TOOL  WORKS 

^^  Pioneer  Monuiacturers 

of 
mGtt  GRADE  TRACE  TOOLS 

and 

SPRING  WASHERS  FOR  TRACK 

Since  1873 

VERONA,  PA.  CHICAGO.  ILL. 


w 

WOODINGS  FORGE  &  TOOL  COMPANY 

Makers 

of 

WOODINGS  RAIL  ANCHORS 

VERONA,  PA. 

CHICAGO,  ILL. 

i^ 


LEE  TURZILLO 

CONTRACTING  COMPANY 


CONCRETE  &  MASONRY  STRUCTURAL  REPAIRS 

Bridges — Tunnel    Lining    Repairs 
Prepiaced  Aggregate  Concrete  (PAC) 

FOUNDATIONS— UNDERPINNING 

"AUGERCAST"   Piles — Foundation  Stabilization 

Pressure  Grouting — "BAGPIPE"  Grouting  Services 

"FIRM  UP"    (Chemical  Grout) — "GROUTITE"   (Cement  Grout) 

Brecksville,  Ohio  44141 — Phone  Cleveland  526-4391 

OFFICES   IN   MAJOR   CITIES 


can  RESET  UP  TO  VA  MILES 
OF  RAIL  ANCHORS  A  DAY 


Just  one  smooth,  powerful  squeeze,  and  the 
Racine  Anchor-Fast,  with  Anchor-Tight  attach- 
ment, resets  a  pair  of  rail  anchors  100%  tight 
against  the  ties. 

Faster,  cheaper,  and  better  than  hand  resetting. 
Up  to  50,000  lbs.  of  hydraulic  pressure,  ap- 
plied in  a  straight  line  to  both  ends  of  both 
anchors,  eliminates  twisting  and  stretching  that 
weaken  anchors  hammered  into  place  by  hand. 

Just  switch  heads  to  convert  the  self-propelled 
Anchor-Fast  for  applying  boxed  anchors.  A 
new  nipper  head  attachment  also  available  for 
faster  setting   of  single   anchors. 

Write  today  for  details  and  location  where  you 
can  see  a  Racine  Anchor-Fast  in  action.       20-201 


RACINE  HYDRAULICS  &  MACHINERY,  INC. 


RACINE,  WISCONSIN   53404 


AREA  Publications — Price  List 

The  following  include  some  of  the  Association  publications  available  from  the 
secretary's  o£Bce  on  order.  Prices  shown  are  for  Members  only: 

Member 
Price 
Manual  of  Recommended  Practice,  complete  in  2  voltunes,  including  binders 

(first  copy)     $18.00 

Extra  binders,  each   4.50 

Annual  Supplements    ( first  copy )    1.00 

Separate  Chapters 
1— Roadway  and  Ballast    1.50 

3-Ties    25 

4-Rail    75 

5-Track     75 

6-Buildings     1-50 

7— Wood  Bridges  and  Trestles   1.00 

8-Masonry     1.00 

9-Highways    0.50 

11— Engineering  and  Valuation  Records 1.25 

13— Water,  Oil  and  Sanitation  Services 1.00 

14— Yards  and  Terminals    1.00 

15— Iron  and  Steel  Structures 1.25 

16— Economics  of  Railway  Location  and  Operation   0.75 

17— Wood  Preservation    50 

18— Electricity    (AAR    Electrical    Manual,    $23.00    Complete    with    binder. 
Separate  Sections  available,  prices  on  request) 

20-Contract  Forms   1.25 

22— Economics  of  Railway  Labor    0.50 

25— Waterways  and  Harbors    0.25 

27— Maintenance  of  Way  Work  Equipment 0.50 

28-Clearances     0.25 

29- Waterproofing     0.25 

Flexible-cover,  loose-leaf  binder  for  separate  chapters,  each    0.40 

Portfolio  of  Trackwork  Plans— 119  plans,  8  sheets  of  specifications,  5  sheets 

definitions  of  terms,  complete  with  leatherette  cover   $12.50 

Track  Scale  Pamphlet— 109  pages,  flexible  cover  1.00 

Federal  Valuation  of  Railroads— 87  pages,  flexible  cover 1.00 

Instructions  for  Mixing  and  Placing  Concrete-24  pages,  flexible  cover 0.40 

Handbook  of  Instructions  for  the  Care  and  Operation  of  Maintenance  of  Way 

Equipment-149  pages,  hard  cover 0.85 

Instructions  for  Care  and  Safe  Operation  of  Welding  and  Grinding  Equip- 
ment—23  pages,  flexible  cover  0.30 

Specifications    for    Steel    Railway   Bridges    (fixed   spans) -70   pages,   flexible 

cover    ^"^5 

Specifications  for  Movable  Railway  Bridges-73  pages,  punched  sheets 1.00 


Superficially,  the  new  Racor® 
Tie  Pad  looks  like  any  other  tie 
pad.  But  that's  where  the  resem- 
blance ends. 

The  new  Racor  Tie  Pad  has  a 
special  coating  developed  by  the 
Abex  Research  Lab  in  Mahwah, 
New  Jersey.  This  new  asphalt 
coating  enables  the  tie  pad  to 
bond  itself  tighter  to  the  tie.  Seal 
out  water,  dirt  and  sand. 

Extensive  laboratory  and 
A.A.R.  tests  have  proved  that  the 


ThenewRac 
special^  fo 
that  provides 
seals. 


new  Racor  Tie  Pads 
will  protect  ties  from 
mechanical  wear  at  a  rea- 
sonable cost.  Even  under  heavy 
traffic  for  prolonged  periods  of 
time! 
Ask  your  Abex  representative 
'  to  show  you  how  the  new  Racor 
Tie  Pads  can  ease  maintenance 
costs  and  add  years  more  to  tie 

CORPORATION 

Railroad  Products  Division  530  fifth  AVE  ny  10036 

ePadwitha 
ted  coating 
ter,  tougher 


DAMAGE 

Refrigerator  car  brine 
drippage  and  coastal 
salt  water  can  cause  cor- 
rosion and  damage  to  rails, 
splice  bars  and  rail  joints. 

Brooks  coatings  have 
proven  to  be  superior 
in  the  protection  of  rail- 
road equipment  subjected 
to  severe  conditions.  These 
products  have  a  low  cold  test 
for  application  by  spray, 
pour  or  brush. 

Brooks  coatings  are  used 

to  protect   railroad   bridge 

and  trestle  members  as  well 

as  structural  and  steel  tanks. 

Brooks  petroleum  base 

products,   black  in  color,  are 

compounded  to  resist  and  retard 

corrosion  to  metal   surfaces.   Four 

different  coatings  are  available 

and  require  a  minimum  of  surface 

preparation  for  application. 


The  BROOKS  OIL.  Company 

Established  1876 


Generol  offices  ond  US.  plonJ.    3304  Eoif  87th  Street*  Clevelond  27    Ohio 


ECONOMICAL  TRACK  DRAINAGE 

.» I  c/7£/V!9j  Ballast  Cleaning 


Canadian  Sales  Representative:  Tlie  Holden  Co.  Limited,  614  SL  James  SL  W, 
Montreal  3,  Quetxc,  Canada    Phone:  SM  849-8131 


THE  TRASCO  CAR   RETARDER 

HUNDREDS  IN  SERVICE 
IN  CLASS  YARD  TRACK 


TRACK  SPECIALTIES  COMPANY 

P.O.  BOX  729  WESTPORT,  CONNECTICUT 
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13 — Water,  Oil  and  Sanitation  Services 125 

9 — Highways 137 

14 — Yards  and  Terminals 155 

20 — Contract   Forms    169 
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The  reports  in  this  issue  of  the  Bulletin  will  be  presented  to  the  1967  Annual 
Meeting  of  the  Association  at  the  Conrad  Hilton  Hotel,  Chicago,  March  9-10, 
1967.  Comments  and  discussion  with  respect  to  any  of  the  reports  are  solicited, 
and  should  be  addressed  to  the  chairman  of  the  committee  involved,  in  writing, 
in  advance  of  the  Meeting,  or  from  the  floor  during  the  Meeting. 


*  The  contents  of  this  Bulletin  and  the  other  Bulletins  of  the  Association  from  Bulletin 
601,  September-October  1966,  to  and  including  Bulletm  607,  June-July  1967,  (except  Bulletin 
606,   March    1967),   will   constitute   the   Annual   Proceedings  of   the  Association,   Vol.   68. 
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Committee 

(E)    Member    Emeritus. 

Those  whose  names  are  shown  in  boldface,  in  addition  to  the  chairman,  vice-chairman  and 
secretary,  are  the  subcommittee  chairmen,  and  those  de.signated  by  asterisks  constitute  the  Engineering 
Division,    .A.^R,   Committee   16. 

To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual, 

No  report  at  this  time.  The  committee  has  been  obtaining  data  with  special 
emphasis  on  revision  of  train-resistance  formulas.  A  report  will  be  submitted 
recommending  Manual  revision  upon  conclusion  of  current  study. 

2.  Engineering  methods  and  economic  considerations  involved  in  improving  the 
quality  of  transportation  service. 

No  report  at  this  time.  This  was  a  new  assignment  this  year,  combining  and 
restating  the  objectives  of  two  former  assignments.  The  committee  is  concen- 
trating on  investigation  of  those  characteristics  of  service  which  affect 
acceptance  by  the  user  and  will  submit  a  report  as  information  at  a  later 
date. 
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3.  Determination  of  maintenance-of-way  expense  variation  with  various  traffic 
volumes  and  effect  of  using  such  variations,  in  terms  of  equated  mileage  or 
other  derived  factors,  for  allocation  of  available  funds  to  maintenance-of- 
way,  collaborating  with  Committees  11   and  22. 

No  report  at  this  time.  The  committee  has  been  cooperating  with  the  AAR 
Research  Center  which  is  continuing  the  research  project  on  "Preliminary 
Econometric  Modeling  for  Track  Maintenance  Requirements."  Data  for 
three  one-year  test  periods  are  being  analyzed.  The  results  of  this  study  will 
be  utilized  in  preparing  the  committee's  recommendations. 

4.  Potential  application  of  electronic  computers  to  railway  engineering  and 
maintenance  problems  in  research,  design,  inventory,  etc.,  collaborating  with 
Committees  11  and  30,  and  informally  with  the  Railway  Systems  and  Man- 
agement Association. 

The  committee  is  preparing  a  report  on  "Digital  Techniques  in  Keeping 
Graphic  Records  Up  to  Date,"  which  will  be  submitted  as  a  progress  report 
in  the  near  future.  ■ 

5.  Location  and  operation  of  metropolitan  transit  systems  as  related  to  current 
railway  operations. 

Report  entitled  "Aspects   of  the  Needs  of  Urban   Areas  for  Rapid  Transit 

That  Are  of  Interest  to  the  Railroad  Industry,"  submitted  as  information  .   page   111 

6.  Features  of  economic  and  engineering  interest  in  the  study,  design,  construc- 
tion and  operation  of  new  railway  line  projects,  or  major  line  relocations, 
proposed,  in  progress,  or  recently  completed. 

Advance  report  entitled,  "Barkley  Dam  Relocation — Illinois  Central  Rail- 
road," appears  in  Bulletin  601,  September-October  1966,  beginning  on 
page  1. 

7.  AppHcation  of  industrial  engineering  functions  to  the  railroad  industry. 

No  report  at  this  time.  Study  on  optimum  location  of  hot-box  detectors  is 
near  completion,  for  which  report  will  be  submitted  in  the  near  future. 

8.  Effects  of  innovations  on  the  economics  of  railway  location  and  operation. 

Final  report,  presented  as  information    page  115 

The  Committee  on  Economics  of  Railway  Location  and  Operation, 

L.  E.  Ward,  Chairman. 


AREA   Bulletin   602,   November    1966. 
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Report  on  Assignment  5 

Location  and  Operation  of  Metropolitan  Transit  Systems 
as  Related  to  Current  Railway  Operations 

L.  A.  Durham,  Jr.  (chairman,  subcommittee),  G.  A.  Bennewitz,  Jr.,  H.  S.  Bull,  P.  J. 
Claffey,  G.  B.  Button,  Jr.,  G.  E.  Hartsoe,  E.  Y.  Huang,  G.  A.  Jacob,  F.  A.  Koo- 
manoff,  Douglas  McCorquodale,  J.  S.  Reed,  F.  J.  Richter,  George  Rugge,  A.  L.  Sams, 
C.  L.  Towle,  D.  M.  Weinroth. 

ASPECTS  OF  THE  NEEDS  OF  URBAN  AREAS  FOR  RAPID  TRANSIT 
THAT  ARE  OF   INTEREST  TO  THE  RAILROAD  INDUSTRY 

By  P.  J.  Claffey 

Professor   of   Transportation    Engineering,    Catholic    University  of  America 

Officers  of  railroad  companies  with  lines  extending  into  or  through  large  metro- 
poHtan  areas  have  a  responsibility  to  their  organizations  to  acquaint  themselves  with 
the  basic  needs  of  the  large  city  for  some  form  of  rapid  transit.  Not  only  is  there  the 
possibility  that  individual  railroads  (in  particular  cases)  may  be  required  to  share  their 
rights-of-way  in  some  manner  with  rapid-transit  operations,  but  the  chances  are  im- 
pro\'ing  that  such  participation  can  be  economically  rewarding  to  the  point  where  it 
should  be  actively  promoted  by  the  railroads.  A  review  of  the  factors  affecting  the 
requirements   of   cities  for  adequate  intra-urban  passenger  travel  is  definitely  in  order. 

The  considerations  of  immediate  importance  to  the  detailed  planning  and  design  of 
new  metropolitan  transit  systems  are  capacity  requirements,  user  needs  and  initial  cost. 
These  define  system  size  and  service  quality  needed  on  the  one  hand  and  the  commit- 
ment of  economic  resources  involved  on  the  other  hand.  Other  factors  that  influence 
transit  planning,  including  government  policy,  availabihty  of  resources,  and  community 
support,  affect  transit  development  progress  in  a  definite  manner  but  in  general  are  not 
effective  in  controlling  detailed  plans  and  design.  Since  the  success  of  a  transit  system 
depends  on  its  capability  to  carry  the  load  imposed  on  it,  on  the  extent  of  user 
acceptance,  and  on  the  relationship  between  user  benefits  and  system  costs,  the 
importance  of  capacity,  user  need,  and  cost  considerations  is  evident. 

Size  of  the  Rapid-Transit  Problem 

Before  considering  criteria  for  transit  planning,  it  is  illuminating  to  reflect  briefly 
on  the  size  of  the  problem.  Metropolitan  areas  are  growing  rapidly  both  in  numbers  of 
persons  and  in  land  occupied  as  more  and  more  of  the  functions  of  the  economies  of  the 
world  become  urban-centered.  Seventy-five  percent  of  the  population  of  the  United 
States  will  live  in  cities  in  1980  compared  to  65  percent  now  and  60  percent  in  1950. 
The  land  area  occupied  by  cities  is  growing  at  a  much  faster  rate  even  than  population 
as  urban  growth  extends  outward  through  suburban  development.  Over  half  of  the  popu- 
lation of  U.S.  cities  will  be  in  the  suburbs  by  1980  compared  to  40  percent  in  1950.  Land 
is  used  much  less  intensively  in  the  suburbs — 2500  persons  per  square  mile  compared  to 
10,000  persons  per  square  mile  in  the  central  cities.  The  rate  of  land  urbanization  varies 
roughly  as  the  square  of  the  urban  population  growth  rate. 

Typical  patterns  of  urban  growth  tend  to  intensify  transportation  needs.  Residential 
neighborhoods    are    divorced    from    work    areas    such    as    office-building    concentrations. 
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industrial  complexes  and  commercial  centers.  Doctors'  offices,  movie  theaters,  transporta- 
tion terminals,  libraries  and  other  faciHties  serving  city  dwellers  tend  to  be  located  at 
diverse  locations  so  that  single  trips  to  serve  more  than  one  purpose  are  impossible.  In 
most  cities  outward  growth  encompasses  sections  where  normal  urban  construction  is 
difficult  or  impossible  because  of  topography  (lake  areas  and  places  where  deep  gorges 
or  steep  hills  are  found,  for  example).  These  tend  to  diffuse  patterns  of  urban  growth 
and  to  extend  transportation  routes. 

Internal  shifts  in  home  locations  also  add  to  the  increased  transportation  needs  of 
cities.  Many  central  city  dwellers  are  moving  from  homes  near  their  jobs  downtown  to 
suburban  homes  at  great  distances  from  their  work.  On  the  other  hand,  low-income 
workers  living  and  working  in  the  suburban  sections  are  finding  it  increasingly  expensive 
to  live  near  their  jobs  and  are  finding  lower-cost  living  quarters  in  town.  The  net  effect 
of  these  various  factors  is  a  disproportionate  demand  for  increased  transportation  facil- 
ities as  urban  populations  increase.  The  rate  of  increase  in  city  transportation  needs 
varies  almost  as  the  cube  of  urban  population  increase. 

A  phenomena  of  urban  growth  today  that  affects  transportation  planning  without 
necessarily  adding  to  the  volume  of  transportation  demand  is  the  way  many  cities  are 
extending  towards  each  other  with  the  area  between  becoming  completely  urbanized. 
This  is  particularly  the  case  in  the  populous  northeastern  part  of  the  United  States 
between  Washington  and  Baltimore,  Baltimore  and  Philadelphia,  and  Philadelphia  and 
New  York,  for  example.  It  is  also  true  in  other  parts  of  the  country  as  in  the  Los 
Angeles-San  Diego  and  the  Dallas-Fort  Worth  areas. 

Capacity  Criteria 

A  rapid-transit  system  must  be  capable  of  handling  large  volumes  of  passengers  not 
only  quickly  and  expeditiously  but  with  individual  users  enjoying  a  reasonably  good 
quality  of  service.  Since  the  primary  reason  for  rapid  transit  is  to  provide  for  massive 
transportation  demands  during  peak  hours,  the  requirement  for  adequate  capacity  is 
fundamental.  The  capacity  needs  for  rapid  transit  constitute  the  primary  design  criteria 
for  system  design. 

The  recommended  expression  for  rapid-transit  capacity  is  maximum  passenger  move- 
ments per  minute,  that  is,  the  largest  number  of  passengers  that  can  either  be  moved 
past  a  point  of  intensive  system  use  or  picked  up  at  a  busy  downtown  station  in  one 
minute  of  time.  This  compares  to  the  term  used  for  expressing  highway  capacity  in  the 
United  States — ^the  maximum  number  of  vehicles  that  can  pass  a  point  per  hour.  The 
time  unit  of  one  minute  is  used  for  rapid-transit  design  criteria,  however,  since  time  is 
of  the  essence  and  even  a  few  minutes  delay  at  a  station  pick-up  point  at  peak  hours 
can  allow  an  overload  of  passengers  to  accumulate  for  service.  Capacity  in  rapid  transit 
is  closely  related  to  service  considerations  to  be  described  later  since  even  two-  or  three- 
minute  delays  can  cause  service  to  deteriorate  seriously.  Only  a  service  that  can  provide 
adequate  capacity  in  terms  of  passengers  per  minute  can  be  satisfactory  for  modern 
rapid  transit. 

Determination  of  the  maximum  rapid-transit  capacity  needed  for  a  particular  transit 
line  in  a  particular  city  depends  on  the  maximum  number  of  people  that  demand  service 
during  peak  daily  minutes  (as  between  5:00  and  5:01  pm,  for  example),  the  frequency 
of  peak  minutes,  and  the  percent  of  time  that  excess  demand  will  be  tolerated  by  users. 
That  is,  capacity  should  equal  the  demand  during  peak  minutes  but  not  for  any  one  or 
few  particularly  high  demand  minutes  per  year.  It  is  necessary  to  estimate  with  relatively 
high  accuracy  the  maximum  number  of  users  per  minute  during  the  minutes  of  each  rush 
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hour  for  each  work  day  of  the  year.  With  such  data  available,  it  will  usually  be  seen 
that  there  are  a  few  minutes  of  a  few  days  per  year  when  service  demand  per  minute  is 
very  high  (just  before  holidays,  for  example)  but  that  for  the  majority  of  peak  hour 
minutes  the  demand  is  quite  constant.  Adequate  design  criteria  would  stipulate  that  the 
system  be  designed  to  provide  a  capacity  in  terms  of  persons  per  minute  that  would 
handle  the  normal  rush-hour  minute  demand  and  not  attempt  to  provide  the  same  qual- 
ity service  for  the  few  overload  minutes  per  year  that  occur  at  infrequent  intervals  for 
special  occasions.  At  present  the  number  of  overload  minutes  that  will  be  tolerated  per 
year  is  a  matter  of  judgment.  No  research  data  on  rapid-transit  capacity  needs  are 
available  at  present  although  such  research  is  vitally  needed. 

Criteria  for  Rapid  Transit  Related  to  User  Needs 

New  urban  transportation  systems  must  be  designed  to  fit  the  need  of  people  for 
an  acceptable  level  of  service  in  intra-city  movement  at  a  cost  in  land,  money,  and 
changed  living  patterns  commensurate  with  the  good  to  be  achieved.  This  is  a  re- 
statement of  the  meaning  of  the  concept  of  balanced  transportation  for  cities.  The  good 
to  be  achieved  through  new  construction  must  not  be  exceeded  by  the  true  cost  of  pro- 
viding the  good.  The  difficulty  of  planning  for  better  transportation  in  cities  and  of 
selecting  new  transportation  means  are  just  now  being  fully  recognized.  Planning  urban 
transportation  is  far  more  than  the  arbitrary  selection  of  a  system  that  will  move  large 
numbers  of  people  between  pairs  of  points  in  cities.  In  many  places  consideration  of 
entirely  new  concepts  in  urban  transportation  are  necessary.  The  true  utility  of  common 
urban  transport  concepts,  the  subway,  for  example,  must  be  carefully  reviewed  before 
complete  reliance  is  placed  on  any  one  type  of  system  as  the  basic  urban  transportation 
form. 

Acceptable  levels  of  service  quality  for  each  aspect  of  urban  transportation  important 
to  users — speed,  comfort,  convenience,  and  safety — must  be  provided  by  any  kind  of 
urban  transportation  system.  Otherwise  the  system  will  fail  to  attract  the  volumes  of 
riders  necessary  for  the  system's  benefits  to  be  great  enough  to  justify  its  cost.  Needed 
for  planning  are  measures  of  the  value  to  users  of  each  of  several  levels  of  service  for 
each  service  element  and  an  estimate  of  the  number  of  riders  which  can  be  expected 
for  each  level  of  service. 

Speed  is  the  measure  of  the  time  that  must  be  spent  enroute  on  any  trip,  given  the 
trip  length.  The  value  of  time  to  urban  dwellers,  that  is,  the  value  of  the  time  saved  by 
increased  operating  speeds  and/or  quicker  transfer  operations,  varies  according  to  pur- 
pose of  trip,  time  of  day,  travel  route,  overall  trip  distance,  and  the  comfort,  convenience 
and  safety  of  the  trip.  There  are  no  comprehensive  data  on  the  value  of  time  saving  in 
city  travel,  but  all  studies  of  transportation  service  show  time  saving  to  be  the  principal 
factor  affecting  users  of  urban  travel  facilities.  The  value  of  time  saving  to  the  average 
commuter  is  about  $1.00  per  hour. 

Travel  comfort  is  the  service  factor  concerned  with  personal  comfort  enroute  and 
is  affected  by  availability  of  seats,  seat  design,  environmental  conditions  in  vehicles  (tem- 
perature, purity  of  air,  and  lighting)  and  steadiness  of  vehicle  motion.  At  present  there 
is  no  way  by  which  a  value  can  be  placed  on  improved  comfort  conditions.  However, 
it  is  known  that  the  comfort  of  the  passenger  car  has  been  an  important  factor  in  its 
adoption  for  most  short-distance  personal  transportation. 

Travel  convenience  is  the  element  of  travel  service  covering  such  matters  as  ease  of 
getting  to  and  from  travel  vehicles  and  the  frequency  or  availability  of  .service.  The 
private  automobile  in  a  private  garage  offers  the  greatest  convenience  since  it  is  imme- 
diately available  at  a  person's  home.  Local  hourly  bus  service  at  a  .stop  several  blocks 
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from  home  is  an  example  of  a  low  level  of  service  convenience.  Thre  are  no  data  avail- 
able on  the  value  to  users  of  different  levels  of  service  convenience. 

Personal  safety  enroute  is  of  fundamental  importance  to  users.  It  includes  safety 
while  aboard  vehicles  as  well  as  safety  at  and  near  points  at  which  vehicles  are  boarded, 
whether  this  is  a  person's  own  garage  or  a  transit  station.  The  value  of  safety  to  users 
in  dollars  is  not  known  but  is  sufficiently  great  to  warrant  whatever  costs  are  necessary 
to  provide  the  highest  level  of  travel  safety. 

A  comprehensive  program  of  research  is  needed  to  determine  for  each  of  the  elements 
of  service  the  value  to  users  of  several  levels  of  service  quality.  That  is,  investigations 
should  be  instituted  to  measure  the  value  to  users  of  time  savings  for  various  average 
speeds,  the  value  to  users  of  each  of  several  levels  of  comfort  and  convenience  and  the 
value  to  both  the  users  and  owners  of  transportation  systems  of  reduced  accident  rates. 
This  research  will  be  costly,  but  until  the  results  of  such  studies  become  available,  the 
planning  of  balanced  urban  transportation  systems  is  impossible  since  the  value  of  the 
good  being  provided  by  new  systems  can  not  be  estimated  accurately. 

Cost  Criteria  for  Rapid  Transit 

Planning  a  balanced  urban  transportation  system  requires  also  that  the  costs  to 
provide  the  system  be  known.  These  consist  of:  first,  actual  money  outlays  for  land 
acquisition,  construction,  and  operation  of  a  new  system;  second,  land  value  in  excess 
of  acquisition  cost  arising  from  scarcity  of  urban  land;  and  third,  the  costs  of  re-settling 
families  and  neighborhoods  disturbed  by  land-use  change  caused  by  the  new  facility.  The 
first  of  these  costs  can  be  estimated  with  reliable  accuracy  on  the  basis  of  known  unit 
costs  for  land  and  construction  and  known  transportation  operating  costs.  The  values 
of  urban  land  in  excess  of  market  cost  and  the  costs  of  re-establishment  of  up-rooted 
areas  are  not  known  at  present.  These  constitute  another  gap  in  the  scheme  of  knowledge 
needed   for   establishing   criteria    for   planning   a  balanced   urban   transportation   system. 

Conclusion 

The  astounding  growth  in  rapid-transit  systems  to  serve  the  transportation  needs  of 
large  metropolitan  areas  around  the  world  has  fostered  a  need  for  accurate  criteria  to 
guide  the  design  of  such  systems.  The  large  investment  in  funds  and  community  dis- 
turbance contemplated  in  modern  transit  makes  it  mandatory  that  new  facilities  be 
designed  for  maximum  utility  at  minimum  cost.  Haphazard  designs  based  on  faulty  con- 
cepts of  the  needs  of  users  for  mobility  or  of  the  community  for  intra-urban  transporta- 
tion can  not  be  tolerated — the  stakes  are  too  high.  No  city  can  afford  a  transit  system 
that  does  not  provide  an  amount  and  type  of  service  closely  related  to  its  true  needs 
for  passenger  travel. 

At  present  many  aspects  of  transit  design  criteria  are  based  on  subjective  engineering 
judgment,  particularly  in  connection  with  providing  adequate  capacity  and  service  qual- 
ity. While  such  judgments  are  often  sound,  the  danger  of  major  errors  of  design  being 
made  in  specific  cases  is  a  major  concern.  This  danger  is  a  growing  one  since  many 
engineers  today  are  being  drawn  into  the  field  of  transit  planning  without  first  developing 
the  background  of  design  experience  needed  for  sound  judgment. 

The  answer  to  the  problem  of  achieving  optimum  designs  in  transit  as  in  any  other 
field  of  engineering  effort  is  to  develop  objective  design  guides  or  criteria  based  on 
research.  Such  research  on  a  scale  to  be  .worthwhile  is  long  overdue.  Transportation 
engineers  and  administrators  the  world  over  should  contribute  to  and  support  such 
research. 
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Design  criteria  developed  from  carefully  planned  and  executed  research  in  the  urban - 
transit  field  will  provide  the  basis  for  sound  planning  and  engineering  in  the  construction 
of  new  transit  systems  in  the  future.  Il  is  important  that  such  criteria  be  developed  as 
soon  as  possible. 

Railroad  officers  are  encouraged  to  promote  such  research  not  only  on  their  own 
lines,  but  also,  collectively,  through  their  engineering  organizations.  Accurate  information 
on  what  the  design  criteria  of  rapid-transit  systems  should  be  is  needed  by  the  railroads 
to  insure  that  any  participation  in  transit  operations  by  established  railroads  is  econom- 
ically justified. 


Report  on  Assignment  8 

Effects  of  Innovations  on  the  Economics  of 
Railway  Location  and  Operation 

M.  B.  Miller  (chairman,  subcommittee),  J.  W.  Barriger,  G.  B.  Button,  Jr..  A.  J.  Gellman, 
H.  J.  Kay,  T.  D.  Kern,  R.  J.  Lane,  F.  J.  Richter,  H.  L.  Richardson,  Jr.,  V.  J.  Rog- 
geveen,  A.  L.  Sams,  VV.  P.  Shoemaker,  L.  K,  Sillcox,  T.  H.  Sjostrand,  W.  S.  Tuinstra, 
F.  Wasco,  J.  R.  Wilmot. 

Your  committee  submits  the  following  final  report  as  information. 

The  scope  of  innovations  which  have  had  and  will  have  an  effect  on  the  economics 
of  railways  is  of  such  magnitude  to  preclude  comprehensive  discussion  within  this  assign- 
ment. Specific  details  relating  to  technical  innovations  may  be  found  in  trade  journals 
and  technical  bulletins.  Some  of  the  most  significant  innovations  are  simply  the  result 
of  taking  adv-antage  of  existing  know-how. 

In  order  to  remain  competitive,  railways  need  to  generate  sufficient  acceptance  of 
their  services  to  allow  their  plant  and  investment  to  be  used  as  intensively  as  possible. 
The  railway  industry  is  responsible  for  an  investment  of  approximately  $26  billion  and 
displays  gross  earning  capacity  of  $10  billion  per  annum.  For  every  revenue  dollar  they 
take  in  they  have  $2.6  of  investment  to  support.  With  650,000  employees  on  their  pay- 
rolls, the  investment  per  employee  runs  about  $40,000.  For  every  dollar  of  revenue  they 
take  in,  they  have  $1.30  invested  in  freight  cars.  This  emphasizes  the  vital  task  of 
managerial  effectiveness  in  securing  proper  manpower  performance  with  a  gigantic  and 
sprawling  allocation  of  fixed  capital.  In  the  existing  competitive  posture,  as  compared  to 
the  outmoded  monopolistic  framework  of  performance  which  lasted  all  too  long  in  the 
railway  industry,  there  must  be  substituted  a  strong  degree  of  shipper-orientation  with 
new  targets  of  performance  and  realistic  up-to-date  statistics  to  be  followed  and  activel}' 
involving  the  entire  team.  A  shipper's  problems  are  never  static — they  change  and  force 
the  carrier  to  change.  Railways  must  keep  pace  with  the  shippers'  approach  to  physical 
distribution — and  consider  themselves  to  be  part  of  that  overall  effect. 

Management  has  been  driven  to  accept  the  truth  that  quahty-controlled  service, 
based  on  dependable  timing,  is  the  supreme  factor  for  attracting  and  holding  freight 
traffic.  Under  existing  competitive  conditions,  with  self-service  and  alternative  modes  of 
movement  being  available  to  the  shipper,  railways  can  no  longer  afford  to  hold  loaded 
cars  to  build  up  tonnage  trains  (gross-ton-mileage  train  hour)  with  no  regard  to  time 
lost  and  irregularity   of  delivery   suffered  by  shippers,   but   must  submit   to   time-tuned 
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movement,  on  a  timetable,  damage-free,  and  dependable  basis.  The  most  important 
report  the  chief  railway  executive  should  possess  at  the  beginning  of  each  working  day 
is  a  record  of  the  number  of  cases  where  promised  service  to  the  shipper  has  failed  to 
materialize  during  the  previous  day.  Performance  where  top  management  prescribes 
exactly  what  is  required  from  the  team  with  nothing  less  than  this  being  accepted  is  the 
only  effective  approach. 

Days  for  penetration  of  new  areas  of  freight  movement  by  ingenious  means  of  loco- 
motion are  at  hand.  With  their  advent,  novel  opportunities  for  imaginative  forward- 
planning  and  devising  revolutionary  means  of  mass  transportation  exist.  Nonetheless, 
they  present  possibiUties  which  should  cause  great  concern  to  every  thoughtful  railway 
executive.  They  are  now  here  and  certainly  attracting  more  attention,  probably,  than 
any  other  new  developments  in  the  departments  of  science  and  invention.  Researchers 
are  exploring  the  possibilities  for  providing  safer,  faster,  cheaper,  more  dependable  trans- 
portation of  people  and  things  by  means  of  planes,  underground  tubes  and  pipelines  and 
with  equipment  specially  designed  for  movement  through  such  passages  and  the  space 
above  us. 

If  tubes  and  pipelines  are  the  best  answer  in  a  potential  area,  railway  industry 
should  know  it  better  and  quicker  by  grasping  its  significance  and  set  itself  to  meet  it — 
for  instance,  by  adapting  railway  rights-of-way  and  bridges  to  new  or  multiple  uses. 
As  an  example,  the  press  recently  revealed  that  a  Canadian  senate  committee  approved 
the  incorporation  of  a  company  that  has  plans  for  a  $50  million  pipeline  for  transporting 
solid-state  sulphur  from  Calgary  to  Vancouver.  The  pipeline  is  expected  to  cut  the  cost 
of  transporting  sulphur  to  the  West  Coast  by  one-third,  and  is  expected  to  be  in  opera- 
tion by  1970. 

Their  present  plans  indicate  that  the  sulphur  will  be  suspended  in  finely  ground 
particles  in  a  liquid.  The  mixture  is  called  a  slurry,  which  can  be  handled  in  somewhat 
the  same  manner  as  other  liquids.  It  is  known,  however,  that  they  are  still  doing  research 
to  establish  the  feasibility  of  the  project.  While  pipeline  movement  of  gases  and  liquids 
represents  a  relatively  simple  task  in  this  mode  of  movement,  the  flow  of  solids  in  sus- 
pension, on  the  other  hand,  presents  a  severely  challenging  task  possessing  some  major 
limitations.  A  requirement  of  energy  to  maintain  the  solids  in  suspension  exists,  and  the 
fact  that  some  solid  commodities  may  be  damaged  by  direct  contact  with  the  supporting 
fluid  must  be  taken  into  account.  Still  more  complicated  preparation  for  pipeline  move- 
ment comprises  the  flow  of  capsules  in  a  stream  of  fluid,  the  capsules  being  bodies  either 
of  formed  solid  material,  or  granular  material,  liquids  or  gases,  enclosed  within  some 
sort  of  protective  container.  It  is  important  to  note  that  a  layer  of  fluid  of  significant 
thickness  is  pictured  as  separating  the  capsule  from  the  pipe  wall.  Two  basic  types  of 
capsules  are  involved:  One  in  which  the  capsule  form  is  that  of  a  long  cylinder  with 
rounded  ends,  and  the  other  in  which  the  capsule  form  is  that  of  a  sphere.  There  are 
numerous  modes  whereby  potash  may  be  moved  by  pipeline:  (1)  in  solution,  i.e.,  potash 
dissolved  in  water;  (2)  brine  slurry — meaning  particulate  potash  suspended  in  brine; 
(3)  slug  capsule — meaning  potash  pasted  with  water  and  shaped;  (4)  rigid  capsule  potash 
pressed  into  rigid  forms;  (5)  container  capsule — meaning  particulate  potash  in  contain- 
ers; (6)  pneumatic  flow — meaning  slurry  or  capsules  in  a  pneumatically  propelled  carrier, 
and  (7)  pseudo  pipelines — meaning  augers,  lockets  or  belts  in  pipelines. 

In  another  press  release  an  airline  announces  plans  of  spending  $8  million  for  three 
air-freighters  with  van-container  capabilities  available  in  1966,  capable  of  airlifting 
truck-size  van  containers  measuring  8  ft  high  and  8  ft  wide  and  capable  of  lifting  a 
maximum  pay-load  of  25  tons,  usable  volume  5,020  cu  ft,  a  range  of  2,350  miles,  cruising 
speed  of  350  mph.  This  is  the  first  time  a  domestic  U.S.  airline  has  been  able  to  offer 
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intermodal  container  service.  Direct  all-cargo  service  is  planned  between  Los  Angeles, 
San  Francisco.  Newark,  Philadelphia.  Atlanta,  New  Orleans,  Dallas,  Chicago.  Miami. 
Orlando,  Fla.  and  Charlotte,  N.  C. 

Turning  again  to  air-freighters,  it  is  the  considered  judgment  of  the  airline  operators 
that  a  reduction  of  at  least  25  percent  in  air  cargo  rates  is  possible.  The  problem  of  air- 
freighters "cubing  out"  before  "weighing  out"  has  long  been  recognized.  Recently,  how- 
ever, developments  within  the  airframe  manufacturing  industry  and  in  air  carrier  cargo 
terminals  have  directed  new  attention  toward  the  weight-cube  problem.  In  its  simplest 
terms  the  problem  is  this:  The  basic  characteristic  of  air  freight  moving  today  is  its 
relatively  light  weight.  Thus,  it  often  fills  the  total  usable  cubic  capacity  of  an  airplane 
before  meeting  the  total  weight  that  a  given  airplane  can  lift.  Because  the  vast  majority 
of  air-freight  shipments  moving  today  is  transported  under  rates  computed  on  the  basis 
of  weight,  failure  to  employ  all  the  weight-lifting  ability  of  an  aircraft  is  allowing  poten- 
tial revenue  to  leak  away.  Concern  with  this  leakage  of  potential  revenue  has  become 
more  acute  as  the  volume  of  air-freight  traffic  has  advanced.  Moreover  the  new  air- 
freighters, much  longer  in  both  cube  and  weight-lifting  ability,  cause  fear  that  today's 
revenue  leakage  may  become  a  virtual  river.  It  all  comes  down  to  the  plain  fact  that 
it  is  simply  not  enough  to  know  the  weight  of  a  shipment.  Economics  demand  that  the 
carriers  also  know  the  density  and  volume.  The  big  factor  is  full  utilization  of  the  cargo- 
carrying  unit.  The  development  and  operational  use  of  automatic  weighing  and  cubicating 
devices  represents  a  significant  demand  in  practice. 

During  1966,  contracts  were  executed  for  planes  designed  to  carry  from  378  to  490 
passengers,  and  some  of  those  planes  were  selected  for  delivery  in  an  all-cargo  configura- 
tion. Each  of  the  latter  are  rated  at  a  maximum  payload  of  100  tons,  at  a  cost  estimated 
at  3  cents  per  ton-mile.  Another  aircraft  corporation  also  is  in  the  process  of  developing 
huge  aircraft,  with  capacities  for  more  than  450  and  up  to  almost  1,000  passengers.  Some 
of  this  equipment  is  being  made  available  by  the  banks  under  a  lease  program  based  on 
a  load  factor  of  55  percent,  permitting  such  huge  planes  to  generate  sufficient  cash  to  pay 
for  themselves  in  a  period  ranging  from  1  to  2  years  (averaging  not  over  18  months). 
Utilizing  (25.000  miles  per  trip  without  important  servicing)  is  the  key  ingredient  to 
such  massive  formation  of  capital  return  in  such  a  short  time.  It  is  a  case  of  repeating; 
how  the  diesel-electric  locomotive  displaced  steam  in  a  period  of  three  years,  due  entirely 
to  its  high  availability  and  in  face  of  the  fact  that  its  first  cost  per  horsepower  was  five 
times  greater  compared  to  that  of  its  outmoded  rival. 

A  recent  survey  carried  out  on  a  nationwide  shipper  basis  ranked  highway  service 
superior  to  railway  (1)  in  total  transit  time,  (2)  dependability  of  delivery,  (3)  loss  and 
damage,  (4)  availability  of  standard  equipment.  Railway  service  came  out  on  top  only 
(a)  in  matters  involving  rates  and  (b)  availability  of  special  equipment.  One-third  of 
the  answers  classified  railways'  "attitude"  as  indifferent,  not  up  to  date,  or  actually  unco- 
operative. Eighty  percent  of  the  replies  displayed  the  fact  that  there  was  an  essential 
need  for  much  closer  coordination  between  the  sales  and  operating  departments  and  20 
percent  of  the  replies  voiced  the  fact  that  the  operating  departments  of  the  railways 
seldom  provided  the  service  described  or  promised  to  the  shipper  by  the  traffic  solicitor — 
perhaps,  this  is  the  reason  why  some  roads  have  found  it  necessary  to  place  sales  and 
operations  under  a  single  head.  Shippers  seem  to  sense  a  critical  need  for  sales  solicitors 
to  possess  a  realistic  knowledge  of  their  needs  and  also  be  in  a  position  to  have  authority 
to  enforce  and  police  promised  service.  Traffic  solicitors  must  be  made  to  know  their 
costs  and  possess  sufficient  operating  experience  to  gain  the  "feel"  of  what  can  and  should 
be  done  in  any  given  circumstance.  Likewise,  operating  personnel  should,  in  some  degree. 
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be  experienced  in  selling  traffic  so  as  to  understand  that  shippers  are  now  in  a  position 
to  set  the  rate  they  are  willing  to  pay  and  the  character  of  service  they  will  accept  or 
tolerate. 

Over  the  past  decade,  different  theories  of  railway  management  have  been  evolving. 
The  simple  discovery  that  there  is  more  than  one  way  to  run  a  railway  promises  to  have 
considerably  greater  impact  on  railway  profitabiHty  than  some  of  the  more  publicized 
current  events.  Quality  of  management  is  the  basic  factor  in  corporate  achievement.  In 
the  railway  industry  today  not  only  the  skill  but  also  the  fundamental  technique  of  man- 
agement now  must  be  carefully  assessed.  Recession-proof  approaches  must  somehow  be 
achieved  in  advance  and  will  provide  a  significant  and  revealing  test  for  the  most  im- 
portant variation  on  the  railway  managerial  docket.  Even  without  such  a  severe  trial, 
however,  recent  financial  reports  of  several  key  administrations  strongly  disclose  there  is 
much  to  be  said  for  strictly  applied  organization  along  vertical  "product"  lines  rather 
than  by  routine  departmentalization.  One  road,  as  part  of  its  recent  and  most  successful 
showing,  established  a  total  systems-of-engineering  approach,  integrating  pricing,  equip- 
ment, and  service  considerations  with  the  fundamental  objectives  of  profit  and  adequate 
return  on  investment.  This  means  that  it  organized  around  the  industries  it  serves.  There 
is,  for  example,  one  executive  primarily  held  accountable  for  grain  traffic.  He  develops 
rates  and  rate  structures,  drafts  equipment  recommendations  and  is  held  strictly  respon- 
sible for  service.  He  is  judged  by  the  profit  the  railway  makes  on  its  grain  business  and 
the  return  on  investment  in  equipment  for  grain  traffic.  On  practically  any  other  railway, 
nobody  would  be  directly  accountable  for  the  profitability  of  grain  traffic.  In  fact,  it  is 
unlikely  that  any  one  on  the  railway  would  know  whether  or  not  grain  traffic  was 
profitable,  or,  if  it  were,  how  much.  Performance  is  judged  characteristically  by  volume. 
And  the  various  departments  of  the  railway  would  make  decisions  affecting  grain  traffic 
independently  of  each  other.  The  traffic  group  would  set  the  rates;  the  operating  people 
would  decide  how  much  of  what  kind  of  equipment  to  possess,  and  direction  of  the 
quality  of  service  and  physical  movement  of  the  tonnage.  As  a  consequence  of  the  newer 
or  systems  approach,  this  road  has  been  in  a  position  to  advance  its  competitive  posture 
and  increase  the  profit  on  some  of  its  business  even  with  reduced  volume,  primarily  by 
shaping  rates  that  give  the  shippers  an  incentive  to  employ  the  railway  in  the  way  that 
is  most  economical  for  it — recession-proof  practice.  They  provided  "mileage"  rate  scales 
on  whole  corn  which  offer  considerable  savings  to  shippers  for  non-stop  long  hauls.  The 
railway  has  saved  so  much  money  on  this  operation  that  it  earns  quite  a  substantial 
increase  on  the  lower  rates  compared  to  what  it  did  under  the  displaced  fringe-loaded 
rate  structure,  since  they  are  in  a  position  to  move  the  traffic  fringe-free  and  without 
costly  inconvenient,  unmanageable  intermediate  shipper  interference.  The  payoff  from 
the  systems  marketing  approach  which  has  been  applied  to  steel,  cement,  autos,  and 
chemicals,  as  well  as  grain,  has  become  the  financial  mastermove  of  the  railway  scene 
and  the  railway  can  more  easily  manage  its  movements  free  from  shipper  interference. 

When  one  considers  the  example  where  the  three  big  airlines  of  our  Country  talk 
to  one  another,  selling  and  confirming  sales  on  each  other's  flights  without  human  inter- 
vention, it  raises  in  any  imaginative  railway  leader's  mind  the  question  of  how  far  his 
industry  should  properly  go  to  become  truly  modern.  Everyone  can  agree  that  it  would 
be  a  blessing  if  computers  could  score  a  quick  victory  over  the  railway's  rate  structure 
which  seems  essential  to  continued  orderly  immediate  transportation  progress.  The  inher- 
ent difficulties  of  computerization  of  existing  rate  structures  must  possibly  be  overcome 
by  changing  the  structure  rather  than  the  hardware  or  the  programming — that  is,  change 
input  to  fit  the  machine.  Large-capacity  computers,  and  properly  programmed  rates, 
on  a  simplified  basis,  should  make  the  task  possible.  The  problem  for  the  rate  expert 
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resides  in  the  great  number  of  commodity  rates  individually  established  over  the  years 
to  meet  specific  problems  of  shippers  and  carriers.  These  cannot  be  reduced  to  formula 
simply  because  they  are  individually  tailored  to  meet  specific  problems.  Many  such  rates 
account  for  the  movement  of  very  large  volumes  of  traffic.  Their  level  is  of  great  im- 
portance to  shippers  and  carriers  and,  generally,  they  are  fiercely  competitive.  Such  rates, 
however,  can  be  put  into  computers  as  individual  items  in  rate  statement  fashion.  But 
interrelated  rates  may  also  challenge  formula  treatment.  Traditional  relationships  are 
marked  by  exceptions  as  much  as  by  rule.  The  efficiency  and  desirability  of  the  com- 
puterization process  may  greatly  enhance  the  use  of  the  pricing  process,  but  it  is  still 
only  a  useful  adjunct  to  the  real  purpose  of  a  rate — to  move  traffic,  especially  in  an  age 
where  the  shipper  can  rule  all  the  decisions  and  is  not  a  captive  to  circum.stances.  On  the 
whole,  it  appears  there  are  substantial  economic  benefits  over  and  beyond  simplified 
compilation  and  publication  sufficient  to  justify  a  shift  from  the  present  tariff  system  to 
computerized  tarift's. 

The  economic  challenge  of  balancing  investment  and  operating  costs,  in  such  a  man- 
ner as  to  secure  maximum  return  by  remaining  widely  competitive  through  achieving 
widespread  shipper  acceptance  of  railway  services,  is  not  entirely  a  technical  but  is 
actually  a  critical  common-sense  business  problem.  The  task  is  fundamentally  one  of 
top  management  achieving  rigid  managerial  timetabled  control  to  the  end  that  shippers 
shall  receive  their  freight  damage-free  and  at  the  time  promised.  Not  until  we  reach 
the  point  of  closely  and  constantly  controlling  the  movement  of  each  and  every  freight 
car  (loaded  or  empty)  will  we  ever  be  in  a  position  to  serve  the  shipper  with  any 
degree  of  dependability,  and  this  will  also  require  top  priority  in  educating  the  entire 
organization  to  learn  that  this  means  exactly  what  is  said  and  nothing  less  will  be 
accepted.  Until  we  know,  for  instance,  when  and  where  a  loaded  freight  car  is  to  go 
for  its  next  load  before  it  is  made  empty,  we  can  never  hope  to  stop  the  needless  waste 
of  potential  car  daj-s  being  used  up  in  cars  standing  idle  or  being  shifted  to  clean-out 
tracks  in  each  case  when  shippers  are  supposed  to  release  cars  fit  for  reloading,  just  as 
rigidly  as  railways  must  furnish  clean  cars  for  loading  in  the  first  place.  Terminals  must 
be  managed  and  much  so-called  present-day  terminal  service  could  be  avoided  through 
incentive  rates  and  fixed  performance  practices;  also  needless  terminals  should  be  dis- 
carded. Private  sidings  were  originally  needed  but  are  not  now  essential  in  the  present 
day  of  piggyback  service,  and  those  sidings  not  now  needed  should  be  promptly  wiped 
out  and  the  remainder  properly  priced  and  policed  for  special  services  demanded, 
including  the  extra  delay  to  car  equipment. 

It  hardly  seems  possible  that  there  could  be  an  actual  car  shortage  when  turnaround 
time  of  loaded  cars  runs  about  20  days  with  an  average  haul  of  about  400  miles  and  the 
number  of  loads  per  car  per  year  standing  about  20,  resulting  in  yearly  loaded  mileage 
being  about  8,000  miles  per  loaded  car  or  22  miles  per  day.  When  one  considers  the 
present  high  cost  of  cars,  it  becomes  immediately  apparent  that  any  trucker  would  go 
bankrupt  operating  a  piece  of  equipment  loaded  only  20  times  a  year.  The  practice  of 
rebuilding  obsolete  units,  and  perpetuating  them  in  service,  results  in  costly  and  wasteful 
selective  switching  and  much  of  the  physically  fatigued  part  failures  which  result  in 
ruinous  wrecks  and  demoralized  operation.  A  strict  and  accurate  study  undoubtedly 
would  result  in  urging  that  rebuilding  of  car  equipment  be  abandoned  in  favor  of  run- 
ning cars  intensively  to  destruction  in  a  ten-year  cycle,  thus  having  all  cars  in  set-vice 
of  more  uniform  design  and  quality,  keeping  in  mind  that  it  takes  only  one  defective 
car  to  stop  a  whole  train.  Certainly  some  way  must  be  found  promptly  to  double  the 
use  of  the  freight  car  fleet,  and  this  will  justify  a  reduction  in  service  life  and  assist  in 
disposing  of   obsolete   and   worn-out   construction.   Where   there   is  imbalance   of   traffic. 
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freight  cars  simply  must  be  promptly  moved  empty  to  points  of  available  loading  and 
not  allowed  to  stand  around  idle  as  available  unpoliced  fill-outs  for  trains  enroute.  Much 
can  be  done  to  fit  up  storage  space  in  terminals  rather  than  hold  freight  cars  under 
conditions  of  excessive  free-time  or  otherwise. 

All  of  these  improvements  lend  themselves  to  incentive-rate  formations,  with  the 
shipper  and  carrier  benefiting.  New  targets  must  be  set  to  secure  more  intensive  use  of 
its  $13  billion  investment  in  freight  cars — the  private  car  lines  seem  able  to  do  it  and 
the  railways  now  must  make  this  their  No.  1  job.  The  railway  industry  could  create  a 
car-control  board  in  which  the  industry,  shippers,  and  the  government  would  be  part- 
ners. This  group  should  be  endowed  with  the  capacity  to  conduct  research  and  develop- 
ment on  the  use  of  freight  cars  and  to  introduce  and  implement  significant  experimen- 
tal control  and  administrative  practices  aimed  ultimately  to  a  complete  control  system 
to  secure  acceptable  intensive  utilization  of  the  investment  comprising  the  railway 
freight-car  fleet.  The  technology  and  hardware  for  the  accurate  and  reliable  control  and 
distribution  of  freight  cars  is  here  or  is  imminent.  Only  through  a  high-priority  coop- 
erative effort  can  maximum  utilization  and  efficiency  in  the  use  of  freight  car  equipment 
be  achieved. 

When  incentive  rates  are  instituted  by  specification  within  the  tariff,  they  should 
be  tied  in  to  one  day  or  24  hours'  free  time  for  loading  and  the  same  for  unloading, 
setting  up,  within  the  tariff,  a  higher-than-existing  demurrage  charge  for  the  first  day — 
an  increasingly  higher  charge  each  day  after  the  first — and  bar  the  offsetting  of  these 
charges  by  use  of  the  average  agreement.  The  whole  point  of  unit  trains  is  to  cut  down 
on  excessive  services,  including  actual  weighing,  in  order  to  utilize  freight  cars  more 
intensively,  so  that  we  have  here  another  area  for  shipper-carrier  cooperation  to  solve. 

With  a  view  to  making  it  possible  for  coal  mines  to  operate  throughout  the  entire 
year,  one  road  decided  to  invest  about  $6.0  milhon  in  coal  storage  and  transfer  facil- 
ities on  the  Great  Lakes.  The  new  facilities  provide  a  terminal  to  unload  coal  from 
incoming  railway  cars,  reducing  their  turn-around  time  and  making  it  possible  for  the 
cars  to  serve  in  revenue  operations  on  a  year-around  basis.  In  the  past,  when  the  Great 
Lakes  were  frozen  over  and  closed  to  shipping  during  the  winter,  coal  shipments  from 
the  mines  to  the  Great  Lakes  were  halted.  The  new  terminal  has  an  initial  capacity  of 
storing  1.2  million  tons  of  coal,  with  space  available  to  advance  this  to  4.5  million  tons. 
Included  in  the  installation  is  an  electric  infra  red  thawing  plant  capable  of  thawing  20 
coal  hoppers  per  hour.  This  is  an  excellent  example  of  prudent  and  intelligent  forward 
planning  in  the  direction  of  securing  more  constant  use  of  investment  in  equipment  and 
in  joint  carrier-shipper  cooperation. 

When  terminal  service  is  so  critically  costly  and  perfectly  wasteful  of  time,  one 
approach  to  reducing  such  losses  by  one-half  is  to  carry  maximum  loads  in  larger- 
capacity  cars  and  then  run  them  filled  to  capacity  and  in  addition  concentrate  manage- 
ment's effort  in  an  effort  to  see  that  they  perform  per  forward-planned  programs.  An 
example  of  this  approach  is  to  be  found  in  the  new  $30,000  refrigerator  units,  which 
are  60  ft  long  over  the  body  with  a  loading  space  of  4,438  cu  ft  and  80  tons  carrying 
capacity  in  place  of  the  usual  40  tons.  It  costs  almost  next  to  nothing  more  to  operate 
a  large  car  compared  to  a  car  carrying  only  half  the  usual  load,  and  if  railways  are  to 
remain  competitive  they  must  address  themselves  to  secure  measurable  savings  of  this 
nature.  This  equipment  has  been  built  to  maintain  required  temperatures  and  holds  the 
oxygen  in  the  lading  space  at  approximately  1  percent  or  less.  With  such  conditions  the 
natural  respiration  and  oxidation  of  fresh  fruits  and  vegetables  are  halted,  preventing 
premature  ripening  and  spoilage.  Where  meat  shipments  are  involved,  shrinkage  is  greatly 
reduced  and  the  surface  appearance  is  preserved. 
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In  this  day  and  age  it  is  widely  recognized  that  the  railway  industry  needs  a  better 
method  than  a  person's  judgment  for  assessing  what  track  meets  suitable  standards  of 
excellence  and  some  fixed  means  of  knowing  where  surface  and  alignment  arc  in  need  of 
adjustment.  A  rugged  and  simple  device  is  required  to  measure  irregularities  and  mark 
defective  track  according  to  a  read-out  mile  by  mile.  Most  poor-riding  track  is  caused 
by  uneven  cross  level.  The  necessary  test  car  body  can  be  used  as  a  reference,  and 
vertical  displacement  of  the  axle  ends  in  relation  to  the  car  body  can  be  registered 
through  the  use  of  transducers  to  measure  the  degree  of  travel.  Engineers  have  developed 
such  equipment  to  carry  out  this  important  work,  and  it  now  remains  necessary  to 
adopt  a  universal  standard  of  excellence  so  that  more  uniform  track  conditions  can  be 
secured  throughout  the  country  and  thus  avoid  many  of  the  avoidable  costly  and 
embarrassing  derailments  experienced  in  freight  services. 

By  1946  only  3  percent  of  the  nation's  freight  moved  on  rivers.  But  the  old  river- 
boat  was  reborn^n  the  form  of  powerful  new  diesel  towboats  capable  of  easily  push- 
ing or  pulling  60,000  tons  of  cargo.  By  1965  the  industry  moved  a  staggering  ISO  billion 
ton-miles  of  freight — 10  percent  of  the  economy's  total — over  25,000  miles  of  inland 
water.  There  are  in  service  3,800  towboats  or  tugs  and  some  16,000  barges.  Some  of  the 
barges  are  almost  as  long  as  a  football  field  and  are  capable  of  carrying  3,000  tons  of 
dry  cargo  or  nearly  1,000,000  gal  of  liquid.  Movements  comprise  a  typical  load  of  25 
barges — loaded  with  everything  from  coal  to  wheat  to  molten  sulphur  up-stream  against 
a  5-mile  current  at  7  mph.  Radar  and  depthometers  and  automatic  pilots  make  it  pos- 
sible to  navigate  continually  through  dense  fog  and  darkness.  With  radios,  a  captain 
bound  upstream  can  talk  with  another  headed  toward  him  miles  before  they  meet. 
Waterway  rates  of  3  mills  (three-tenths  of  a  cent)  per  ton  mile  are  attractive  to  ship- 
pers. Since  1824  (when  Congress  made  an  initial  appropriation  of  $75,000  to  remove 
sand  bars  from  the  Ohio  and  "snags"  from  the  Mississippi),  the  U.  S.  Army  Engineer 
Corps  has  completed  3,600  waterway  and  harbor  projects  valued  at  $13.7  billion.  But 
$9  billion  of  that  has  been  spent  since  1950,  and  the  projects  have  included  such  mass 
barging  aids  as  doubling  (from  600  to  1,200  ft)  the  length  of  the  Ohio  River  locks.  For 
the  future,  the  Corps  of  Engineers  has  projects — on  paper  at  least — worth  $9.7  billion. 
Towboats  of  3,000  hp  used  to  be  considered  the  ultimate  goal  but  today  they  have 
already  reached  the  9,000-hp  mark.  The  economies  obtained  are  so  great  that  the  trend 
has  to  be  toward  even  bigger  ones.  It  would  seem  that  the  time  has  now  arrived  for 
imposing  a  suitable  user  charge  to  cover  the  "public-cost"  involved. 

The  basic  goal  of  any  sound  national  transportation  policy  should  be  to  provide  the 
people  of  our  nation  with  the  best  possible  transportation  at  the  lowest  reasonable  cost 
(including  the  public-cost),  with  due  consideration  being  given  to  the  needs  of  national 
security.  There  is  at  present  more  and  better  transportation  than  the  nation  has  had 
at  any  time  in  the  past,  but  it  is  not  clear  that  it  is  available  in  rendering  the  best 
possible  service  from  existing  transportation  facilities,  and  most  certainly  it  is  not  offered 
at  the  lowest  possible  cost.  Each  mode  of  transportation  claims  that  it  is  essential  to 
the  national  security,  but  not  much  thought  appears  to  have  been  given  to  the  rather 
obvious  fact  that  the  promotion  of  a  healthy  and  economically  sound  peacetime  trans- 
portation system  is  a  first  prerequisite  to  an  adequate  system  for  national  defense.  The 
transportation  system  as  it  exists  today,  although  it  may  appear  to  function  successfully 
during  periods  of  abnormal  traffic,  is  fundamentally  unsound — as  evidenced  by  the  uncer- 
tain future  of  the  railway,  the  necessity  for  continued  subsidization  of  movement  by 
air  and  water,  and  a  widespread  popular  belief  that  heavy  trucks  are  destroying  the 
nation's  highway  investment  and  availability  for  private  use  when  most  needed. 
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While  many  reasons  may  be  cited  for  this  condition,  the  basic  cause  of  the  difficulty 
is  to  be  found  in  the  policy  of  regulating  and  promoting  the  various  modes  of  transpor- 
tation as  more  or  less  independent  entities  without  much  regard  to  their  effect  upon 
each  other  or  to  their  proper  place  in  a  national  transportation  system  under  a  suitable 
"user"  charge  system  such  as  could  result  in  regulating  the  flow  of  movement  according 
to  desired  objectives  and  generate  an  adequate  return  on  the  "public-cost"  committed 
to  such  facilities.  The  enormous  effect  of  so-called  private  or  do-it-yourself  operations 
on  public  for-hire  services  must  be  dealt  with  since  it  is  by  this  alternative  means  of 
movement  that  rates  are  set  and  the  pattern  of  acceptable  for-hire  service  is  established. 
For  instance,  railways  do  possess  no  final  ability  to  enforce  rates  or  services  which  are 
inferior  to  the  shipper's  or  traveler's  alternative  of  serving  himself  in  unregulated  fashion 
in  his  own  vehicle.  The  nation  needs  to  adopt  a  rational  national  transportation  policy 
which  would  regard  each  of  the  various  modes,  not  as  independent  agencies  of  trans- 
portation but  as  integral  parts  of  a  national  transportation  system.  It  must  be  recog- 
nized, of  course,  that  the  adoption  of  such  a  policy  would  meet  with  widespread  oppo- 
sition. However,  with  the  new  technology  and  hardware  now  available — for  instance, 
through  the  use  of  interchangeable  containers  of  standard  8-ft  by  8-ft  dimensions  in 
10-ft  lengths  or  multiple  sizes  and  suitable  to  all  modes  of  movement — much  of  the 
emotion  now  present  would  be  removed  by  reasons  of  an  indirect  solution  and  result  in 
integrated  or  consolidated  means  of  dealing  with  traffic  which  would  result  in  trans- 
portation concerns  prepared  and  free  to  give  any  service  via  the  best  and  cheapest 
means. 

Since  railways  perform  the  principal  and  possibly  the  only  form  of  for-hire  freight 
transportation  which  is  not  presently  directly  or  indirectly  subsidized,  it  gives  rise  to  a 
special  problem  which  cannot  be  overlooked  in  connection  with  any  study  of  the 
economic  effects  of  "public-cost"  on  transportation.  Railway  transportation  is  charac- 
terized by  high  constant  costs,  and  therefore  any  diversion  of  railway  traffic  to  a  sub- 
sidized mode  of  movement  will  result  in  an  increase  in  the  per-unit  cost  of  handling 
remaining  traffic.  In  addition  to  the  actual  "public-cost"  incurred,  such  subsidies  may 
indirectly  bring  about  an  increase  in  the  unit  cost  of  transportation  to  those  shippers 
who  are  subject  to  "captured  traffic"  or  of  being  entirely  dependent  upon  the  railways. 
While  it  may  be  true  that  railways  have,  at  certain  times,  operated  in  excess  of  optimum 
capacity,  the  condition  is  invariably  a  temporary  one,  and  it  may  be  doubted  that  it 
will  ever  become  the  rule  rather  than  the  exception.  The  significant  enlargement  of  high- 
way, waterway,  pipeline,  and  airway  services  since  1930  has  made  available  to  the  public 
a  wide  variety  of  transportation  modes,  each  of  which  has  certain  unique  qualities,  and 
also  the  important  and  impressive  ability  of  the  shipper  to  serve  himself  in  his  own 
vehicle  and,  thereby  enabling  him  to  prescribe  the  rate  he  is  willing  to  pay  and  the  class 
of  service  he  will  accept.  The  railways  are  essentially  wholesalers  of  freight  transporta- 
tion and  deal  basically  in  the  mass-movement  of  train-lots,  if  available,  or  as  nearly  so 
as  possible,  with  shipper  incentive  rates  applying  to  same. 

Because  of  the  operation  of  the  tapering  principle,  the  railways  can  move  freight 
over  long  distances  at  unusually  low  cost.  And  they  stand  ready  to  handle  many  kinds 
of  freight  which  other  modes  cannot  or  do  not  want  to  deal  with.  Because  railways  are 
expensive  to  build  and  costly  to  operate,  they  are  not  suitable  for  providing  transporta- 
tion in  light-traffic  areas  or  those  subject  to  a  low  load-factor.  High  terminal  costs  tend 
to  make  railways  rather  expensive  for  short-haul  movements  and  they  are  poorly 
adapted  to  the  handling  of  less-than-carload  or  less-than-container  freight,  and  the 
resulting  service  on  such  freight  generally  is  poor  as  well  as  costly  to  the  railways. 
Because  motor  carrier  costs  do   not  follow  the  tapering  principle  to  any  appreciable 
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extent,  long-haul  transportation  by  motor  vehicle  is  only  economical  as  part  of  piggy- 
back services.  Water  carriers  are  especially  adapted  to  the  transportation  of  bulk  freight 
in  large  quantities  where  speed  of  delivery  is  less  important  than  low  rates.  Airlines 
have  a  unique  advantage  in  their  ability  to  move  freight  over  long  distances  with  a 
minimum  of  elapsed   time. 

Since  each  of  the  various  modes  possesses  unique  advantages  and  disadvantages, 
the  public  interest  demands  that  their  services  be  coordinated  or  consolidated  in  such  a 
manner  as  to  make  maximum  use  of  the  special  qualities  of  each  and  at  the  same  time 
minimizing  their  disadvantages. 

In  a  free-enterprise  economy,  competition  is  supposed  to  eliminate  surplus  facilities 
and  provide  the  public  with  the  best  possible  services  at  the  lowest  possible  price.  This 
means  that  the  investment  involved  therein  must  be  employed  intensively — hence,  we 
are  seriously  faced  with  the  importance  of  merging  of  railways  and  the  ultimate  con- 
solidation of  modes  of  transport  with  transport  systems  rather  than  modes  competing 
with  each  other. 
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Committee 


(E)   Member  Emeritus. 

Those  whose  names  are  shown  in  boldface,  in  addition  to  the  chairman,  vice-chairman  and 
secretary,  are  the  subcommittee  chairmen,  and  those  designated  by  asterisks  constitute  the  Engineering 
Division,    AAR,    Committee    13. 

To   The  American  Railway  Engineering  Associution: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

Progress  report,   with   recommendations  submitted  for  adoption    page  126 

2.  Corrosion   control — engine  cooling  systems. 

Study  is  in  progress  on  this  subject  which  is  expected  to  lead  to  a  final 
report  to  be  incorporated  into  the  manual.  No  formal  report  is  ready  at 
this  time. 

3.  Design,  construction  and  operation  of  railroad  sanitary  and  servicing  facil- 
ities and  relations  with  governmental  agencies  pertaining  to  these  facilities. 
Report  pertaining  to  publications  and  interpretations  of  regulations  of  the 

U.  S.  Public  Health  Service  presented  as  information   page  130 

4.  Air  pollution  abatement. 

Progress  is  reported  on  study  of  this  subject  but  no  formal  report  is  ready 
at  this  time. 

5.  Design  of  automatic  spray  washers. 

Since  no  appropriation  of  money  was  made  to  permit  research  in  connection 
with  spray  nozzles,  no  formal  report  is  ready  at  this  time. 

6.  Railway  waste  disposal. 

Progress  is  reported  but  no  formal  statement  is  ready  at  this  time. 
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7.  Cleaning,   sterilizing  and   handling  drinking  water  containers. 

Progress  has  been  made  in  assembling  information  but  no  formal  report  is 
ready  at  this  time. 

S.  Disposal  or  reuse  of  chromate-treated  cooling  water. 

Report,  presented  as  information,  gives  reasons  for  the  problem  and  describes 
methods  for  solving  it  as  far  as  relatively  large  stations  are  concerned.  Fur- 
ther study  is  expected  to  be  concerned  with  smaller  supplies  as  well  as  with 
water  treated  with   other  chemicals    page  130 

9.  Methods  and  materials  to  be  used  in  car-cleaning  facilities. 

Final  report,  presented  as  information,  outlines  waste  disposal  problems 
connected   with   car   cleaning  facilities    page  132 

The  Committee  on  Water,  Oil  and  Sanitation  Services, 

T.  A.  Tennyson,   Chairman. 
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Report  on  Assignment  1 

Revision  of  Manual 

J.  J.  Dwyer  (chairman,  subcommittee),  R.  A.  Bardwell,  V.  C.  Barth,  W.  E.  Billingsley, 
T.  W.  Brown,  C.  E.  DeGeer,  A.  E.  Dulik,  E.  C.  Harris,  T.  L.  Hendrix,  E.  T.  Myers, 
E.  R.  Schlaf,  W.  A.  Tennill. 

Your  committee  recommends  for  adoption  the  revisions  to  Chapter  13  of  the 
Manual  indicated  below. 

Pages   13-1-1   and   13-1-2 

GENERAL  PRINCIPLES  OF  WATER  SUPPLY  SERVICE 

Page   13-1-2,   Sec.   C — Source.   Delete  last  paragraph.  Insert  instead  the   following: 

"An   economic   analysis  should  be   made  of  any  possibility   of   obtaining  a  gravity 

supply    even    if   it   includes   extensive   piping.   If   a   comparative   present   value   analysis, 

including  variable   annual  costs,  is  lower  for  the  gravity  system  than  for  the  pumped 

system,  the  gravity  system  should  be  adopted." 

Pages   13-2-1   to   13-2-8,  incl. 

PUMPING  PLANTS 

Page    13-2-5,   Sec.   H— Centrifugal   Pumps,   Art.   2 — Propter   Size   and   Stage   To   Be 
Used.  After  "Total  dynamic  head"  add  a  line  reading  as  follows: 
"Net  positive  suction  head." 

Page  13-2-6,  Art.  3 — Selection  of  Power.  Delete  present  two  paragraphs  and  sub- 
stitute instead  the  following: 

"The  centrifugal  pump  is  adaptable  to  all  sources  of  power.  The  power  source  may 
be  an  electric  motor,  internal-combustion  engine  or  a  steam  turbine.  An  integral  unit 
where  the  pump  is  mounted  directly  on  the  shaft  of  a  power  source  utilizing  a  special 
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frame  is  economical  and  highly  satisfactory  for  many  applications.  When  the  pump  and 
power  source  arc  separate  units,  they  should  be  mounted  on  a  common  rigid  base  to 
facilitate  perfect  shaft  alinement.  For  direct  drive,  the  pump  and  power  source  must  be 
interconnected  by  a  flexible  coupling." 

Art.  4 — Installation.  Delete  present  article  and  substitute  the  following: 

"Each  installation  should  be  reviewed  for  economy  and  efficiency  for  the  particular 
operating  conditions.  The  pump  should  be  placed  as  near  the  source  of  supply  as  pos- 
sible, especially  when  operating  with  a  suction  lift.  Care  should  be  taken  to  avoid  strains 
imposed  by  the  suction  or  discharge  piping. 

"The  horizontal  split -case  pump  is  desirable  for  use  where  possible,  since  its  con- 
struction allows  easier  inspection  and  maintenance. 

"A  check  valve  should  be  placed  in  the  discharge  line  near  the  pump  with  a  gate 
valve  conveniently  located  downstream  to  allow  servicing.  Except  for  flooded  suctions, 
a  check  or  foot  valve  is  required  in  the  suction  line  at  a  point  that  will  remain  sub- 
merged. Where  loss  of  prime  is  possible,  a  suitable  automatic  priming  device  may  be 
required." 

Pages   13-3-2  to   13-3-5,  incl. 

SPECIFICATIONS  FOR  LAYING  CAST  IRON  PIPE 

Page  13-3-2,  Art.  1 — Material.  Delete  last  paragraph  and  replace  with  the  following: 
■'Gaskets  of  hemp,  jute,  yarn,  rubber,  plastic  or  other  elastomers  shall  be  the  best 
quality  for  the  purpose  and  satisfactory  to  the  engineer." 

Page  13-3-4,  Art.  7   (b) — Cement  Joints.  Delete  in  its  entirety. 

Art.  7  (c) — Compound-Substitutes  for  Lead.  Change  designation  from  (c)  to  (b) 
and  rewrite  as  follows: 

(b)   Compound-Substitute  for  Lead 

"Installation  procedure  is  to  be  the  same  for  joints  using  a  lead  substitute  com- 
pound as  that  for  poured  lead.  Compound  manufacturer's  specifications  may  be  used 
as  a  guide." 

Art.  8 — Mechanical  Joints.  Delete  third  paragraph  and  substitute  the  following: 
"The   gasket   shall   be   painted   with   soapy   water   or   manufacturer's   lubricant,   and 
placed  on  the  spigot  end  with  the  thick  edge  toward  the  gland." 

Page  13-3-5.  After  end  of  Art.  8 — Mechanical  Joints,  insert  a  new  article  as  follows: 
9.  Push-on  Joints 

"Where  allowed  by  local  codes,  push-on  joints  may  be  substituted  for  bell  and  spigot 
or  mechanical  joint  piping.  The  push-on  joint  is  to  be  a  single  rubber  gasket  joint 
designed  to  seal  by  the  positioning  of  a  continuous,  molded  rubber  ring  gasket  in  an 
annular  recess  in  the  socket  end  of  the  pipe.  The  plain  end  of  the  entering  pipe  is  to  be 
forced  into  the  socket,  thereby  compressing  the  gasket  and  forming  the  seal. 

"Preparation  of  the  pipe  for  joining  shall  be  similar  to  that  for  mechanical  joint 
pipe.  Care  must  be  taken  to  avoid  deforming  the  gasket  in  the  joining  process. 

"If  conductivity  for  cathodic  protection,  etc.,  is  desired,  suitable  metallic  clips  are 
available  for  the  gaskets. 

"ASA  Standard  A21.il   (AWWA  CLll)   applies." 

Art.  9 — Special  Pipe,  Couplings  and  Fittings.  Change  number  9  to  10.  Delete 
"company's"  and  insert  "companies." 
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Art.    10 — Testing.    Change   number    10   to    11.   After   ".    .    .   gal    per   day   per   inch 
diameter  mile.",  change  the  period  to  a  comma,  and  add  the  following: 
"or  as  established  by  AWWA  Standard  C300,  whichever  is  the  lesser." 
Arts.  11,  12,  and  13.  Change  numbers  to  12,  13,  and  14. 

Pages   13-3-17  to   13-3-27,  incl. 

SPECIFICATIONS  FOR  WELDED  STEEL  TANKS  FOR  WATER 

OR  OIL  STORAGE 

Page  13-3-26,  Sec.  G — Accessories  For  Standpipes  and  Reservoirs,  Art.  3 — Indicator. 
Delete  Art.  3  in  its  entirety  and  substitute  the  following: 

3.   Indicator  or  Tank  Gage 

"Indicator  or  tank  gage  shall  be  furnished  and  installed  for  the  full  height  of  the 
tank.  Indicators  shall  be  a  10-in  channel  iron  with  graduated  scale,  complete  with  suit- 
able metal  float,  target  with  guides,  and  bronze  metal  sash  chain. 

"Tank  gages  should  be  of  an  API  approved  design  if  used  for  oil  storage." 

Art.  6 — Vent.  Delete  second  word  ((suitable),  and  after  third  word  (vent)  insert 
the  following  phrase: 

"meeting  local  codes  and  API  standards," 

Page  13-3-27.  After  Art.  8 — Steel  Riser  Pipe  for  Elevated  Tank,  insert  a  new  article 
as  follows: 

9.  Drains 

"All  tanks  shall  be  equipped  with  valves  or  plugs  to  allow  complete  drainage  of 
contents. 

"Where  necessary,  non-freeze  drain  valves  should  be  used  to  allow  drainage  of 
water  from  oil  storage  tanks." 

Art.  9 — Additional  Accessories.  Change  number  9  to  10. 

Page   13-3-28 

INSPECTION  AND   MAINTENANCE   OF  DIESEL  FUEL  OIL 
STORAGE  TANKS 

In  third  sentence,  put  period  after  word  "bottom",  and  delete  the  words  "if  the 
tank  is  so  equipped." 

In  fourth  paragraph,  delete  the  word  "division." 

In  fifth  paragraph,  last  .sentence,  delete  word  "can"  and  insert  word  "should". 

Delete  the  sixth  paragraph,  and  rewrite  as  follows: 

"In  addition  to  semi-annual  and  annual  inspections  of  tanks  to  determine  general 
conditions  and  need  of  repairs,  the  following  should  be  checked:" 

Pages  13-6-1  to  13-6-7,  incl. 

WATER  ANALYSIS  AND   INTERPRETATION  OF   RESULTS 

Pages  13-6-1  and  13-6-2,  Sec.  A — General.  Delete  present  section  and  rewrite  as 
follows: 
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A.  GENERAL 

In  an  analysis  of  a  sample  of  water  it  is  necessary  to  determine  the  presence  qf 
various  substances  which  are  usually  found  in  very  small  amounts.  For  this  reason,  the 
results  of  a  water  analysis  are  usually  expressed  in  parts  per  million  (ppm)  or  the 
metric  equivalent,  milligrams  per  liter  (mg/1),  instead  of  percentage,  as  is  often  the 
case  with  other  analysis.  Some  railroads  still  adhere  to  the  older  practice  of  reporting 
results  in  grains  per  gallon  (gpg).  One  gpg  equals  17.1  ppm. 

There  are  two  different  methods  of  expressing  the  results  of  analysis.  These  are  the 
ionic  form  and  the  hypothetical  combination  form.  In  the  ionic  form  each  element  or 
radical  is  reported  individually.  In  the  hypothetical  combination  method,  however,  each 
of  these  elements  or  groupings  are  combined  hypothetically  so  that  calcium  is  reported 
as  so  much  calcium  bicarbonate,  calcium  carbonate,  calcium  sulfate,  etc.  The  method 
used  in  making  these  combinations  is  based  on  probable  combinations,  determined  some- 
what by  solubility.  In  reality,  a  state  of  ionic  equilibrium  exists,  rather  than  different 
compounds  in  solution,  and  for  this  reason,  the  more  simple  and  direct  ionic  form  of 
reporting  is  preferable. 

Page  13-6-2,  Sec.  B — Full  and  Complete  Laboratory  Analyses.  Change  section  title 
and  first  three  paragraphs  to  read  as  follows: 

B.  METHODS  OF  ANALYSIS 

Methods  of  performing  the  laboratory  water  analyses  for  each  of  the  elements  or 
groupings  listed  below,  including  the  methods  of  preparing  the  standard  solutions,  can 
be  found  in  the  following  books  of  standards: 

Standard  Methods  for  the  Examination  of  Water  and  Wastewater,  Twelfth  Edition 
(1965)   or  latest  edition,  published  by  the  American  Public  Health  Association. 

ASTM  Book  of  Standards,  Part  entitled  "Industrial  Water",  latest  edition,  pub- 
lished by  the  American  Society  for  Testing  and  Materials. 

Pages  13-6-2  and  13-6-3,  Sec.  B.  Under  the  heading  Reference  in  the  tabulation  of 
Chemical  Laboratory  Procedures,  delete  all  APHA  page  numbers,  but  not  method  desig- 
nations, such  as  "method  A"  or  "method  B". 

Page  13-6-3.  After  item  "Tannin  and  Lignin",  delete  "ALPHA,  pp.  2.S2-2S3,  and 
insert  "APHA". 

Delete  present  sentence  under  Art.  1 — Reagents,  and  rewrite  to  read,  "Methods  of 
preparing  the  reagents  used  in  the  analysis  of  water  may  be  found  in  Standard  Methods 
for  the  Examination  of  Water  and  Wastewater,  12th   (1965)   or  latest  edition." 

In  the  table  on  Standard  Solutions,  delete  the  heading  "APHA  11th  Edition"  and 
substitute  the  word  "Reference." 

In  the  column  headed  "APHA  11th  Edition"  delete  all  page  number  references,  and 
in  place  of  each  page  number  substitute  "APHA". 

Pages  13-6-4  to  13-6-7,  incl.,  Sec.  C — Rapid  Field  Tests.  Delete  in  its  entirety. 

Page   13-6-8 

ANALYSIS  OF  CHEMICALS  USED  IN  WATER  TREATMENT 
Delete  sentence  beginning,  "Methods  of  sampling  .  .  ."  and  substitute  the  following: 
"Methods  of  sampling  and  analyzing  water  softening  chemicals  may  be  found  in 

the  ASTM  Book   of  Standards,  latest   edition,  published  by  the  American   Society  for 

Testing  and  Materials,  as  outlined  below: 
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Pages   13-8-1  and   13-8-2 

WATER   FOR   DRINKING  PURPOSES 

Page  13-8-2.  Delete  "Washington  25,  D.C."  in  all  three  references  and  substitute 
"Washington,  D.  C.  20402." 

Pages   13-8-3  to   13-8-9,  incl. 

RAILWAY  SEWAGE   DISPOSAL  FACILITIES 

Page  13-8-9.  Change  "Washington  25,  D.  C."  to  read  "Washington,  D.  C.  20402,"  in 
the  reference. 

Add  the  following  additional  reference: 

"Causes  and  Prevention  of  Failure  of  Septic  Tank  Percolation  Systems,"  Federal 
Housing  Administration  Study  No.  533,  Superintendent  of  Documents,  U.  S.  Govern- 
ment Printing  Office,  Washington,  D.  C.  20402. 


Report  on  Assignment  3 

Design,  Construction  and  Operation  of  Railroad  Sanitary 

and  Servicing  Facilities,  and  Relations  with 

Governmental  Agencies  Pertaining 

to  These  Facilities 

J.  C.  Roberts  (chairman,  subcommittee),  W.  F.  Arksey,  V.  C.  Barth,  J.  M.  Bates, 
T.  W.  Brown,  J.  L.  Engler,  J.  L.  Goss,  F.  O.  Klemstine,  C.  F.  Muelder,  M.  Wi. 
Sibley,  J.  E.  Wiggins. 

This  report  is  offered  as  information. 

There  have  been  no  revisions  to  Public  Health  Service  Publication  No.  66,  "Hand- 
book on  Sanitation  of  Railroad  Servicing  Areas,"  nor  amendments  to  the  Interstate 
Quarantine  Regulations  made  during  the  year.  No  changes  in  interpretation  of  basic 
regulations  governing  railroad  carrier  sanitation  have  come  to  the  subcommittee's 
attention. 


Report  on  Assignment  8 

Re-Use  or  Disposal  of  Chromate-Treated  Cooling  Water 

W  A.  Tennill  (chairman,  subcommittee),  V.  C.  Barth,  T.  W.  Brown,  D.  E.  Drake, 
T.  I.  Gray,  H.  E.  Graham,  H.  M.  Hoffmeister,  P.  M.  Miller,  E.  T.  Myers,  J.  M. 
Ryan,  M.  W.  Sibley,  C.  B.  Voitelle,  J.  E.  Wiggins. 

Chromate  compounds,  long  recognized  as  effective  inhibitors  against  metal  corro- 
sion, are  used  extensively  by  many  railroads  in  the  cooling  systems  of  diesel  locomotives. 
Increased   concern   by   state   and   local   governments  over   the   pollution   of  streams  and 
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underground  basins  has  presented  the  problem  of  whether  to  re-use  or  dispose  of  this 
toxic  material  when  it  becomes  necessary  to  drain  the  radiators  for  repairs  or  periodic 
maintenance. 

Complete  removal  and  disposal  of  chromate  is  costly  even  with  the  most  modern 
disposal  facilities.  This  requires  treatment  under  acidic  conditions  with  such  reducing 
agents  as  ferrous  sulfate,  hydrogen  sulfide,  sulfur  dioxide,  sodium  metabisulfite,  ferrous 
ammonium  sulfate  and/or  petroleum  waste  products  which  reduce  the  chromate  ions  to 
chromic  ions.  At  this  time  some  states  do  not  restrict  the  trivalent  chromium  content  of 
streams  so  the  reduced  chromate  could  be  dumped  at  this  stage.  However,  with  existing 
restrictions  the  trivalent  chromium  can  be  further  treated  with  lime  and  precipitated  as 
chromium  hydroxide.  This  introduces  the  problem  of  sludge  disposal. 

The  chemical  dosage  for  chromate  disposal  requires  sufficient  acid  to  reduce  the  pH 
to  2  or  3.  Ferrous  sulfate,  the  most  commonly  used  reducing  agent,  is  required  at  3.9 
ppm  and  lime  at  3.8  ppm  for  each  part  per  million  of  chromate  removed.  The  chemical 
cost  for  such  treatment,  together  with  the  problem  of  sludge  disposal,  would  tend  to 
make  the  re-use  of  chromate  cooling  water  more  economical. 

In  the  reclamation  of  chromate  cooling  water  for  re-use,  the  basic  equipment  con- 
sists of  two  storage  tanks,  pumps,  and  a  filter  system,  the  size  of  the  equipment  being 
based  on  the  volume  of  chromate  cooling  water  to  be  reclaimed.  The  cooling  water 
drained  from  the  diesel  unit  is  collected  in  the  first  tank  where  the  greater  part  of  the 
usual  contaminants  is  disposed  of.  Oil  contaminations  rising  to  the  top  of  the  tank  are 
removed  by  skimming;  other  sludge  contaminants  settling  to  the  bottom  of  the  tank 
can  be  removed  by  occasional  cleaning  with  a  vacuum  pump.  After  settling,  the  cooling 
water  is  pumped  from  the  collection  tank  through  a  filter  to  a  supply  tank  where  the 
chromate  concentration  is  raised  to  the  proper  level  for  re-use  in  the  diesel  cooling  sys- 
tem. The  use  of  a  high-  and  low-level  float-pump  control,  allowing  the  solution  to  be 
drawn  from  the  middle  section  of  the  collection  tank,  avoids  heavy  contaminations 
being  carried  onto  the  filter. 

A  closed  tank-type  filter,  using  wire-mesh-impingement  type  filters  coated  with 
diatomacious  earth  as  a  media,  has  been  found  very  effective  in  this  operation.  Small 
additions  of  this  filter  aid,  which  contains  an  electrical  charge  opposite  that  of  emulsified 
oil,  assures  delivery  of  a  clear  effluent  to  the  supply  tank. 

By  re-using  chromate-treated  cooling  water,  the  savings  in  chromate  costs  alone 
can  offset  equipment  costs  in  a  three-  to  five-year  period  or  less.  Where  the  water  must 
be  softened  first  before  use  in  cooling  systems,  additional  savings  are  realized. 

Recent  tests  were  conducted  by  a  major  chemical  company  on  the  removal  for 
re-use  of  chromate  from  cooling  tower  blowdown  by  an  ion-exchange  process.  The 
chromate-laden  water  is  run  through  an  anion  exchange  bed  of  a  strong  base  resin. 
The  chromate  is  deposited  on  the  resin  and  chromate-free  water  goes  to  waste.  When 
the  anion  exchange  resin  is  exhausted,  the  chromate  is  released  from  the  resin  sites  by 
regenerating  with  sodium  chloride  buffered  with  a  small  amount  of  sodium  hydroxide. 
The  relative  purity  and  concentration  of  the  recovered  chromates  allows  its  subsequent 
re-use  as  a  corrosion  inhibitor. 

With  two  resin  tanks  in  series,  the  same  effect  is  achieved  with  the  added  benefit 
that  the  fully  exhausted  unit  can  be  removed  from  service  for  regeneration  while  the 
second  tank  can  be  left  on  stream.  When  regeneration  of  the  unit  is  completed,  the 
sequence  of  the  tanks  can  be  reversed,  with  the  regenerated  tank  serving  as  the  polish- 
ing unit  and  the  partially  exhausted  tank  removing  the  bulk  of  the  chromates  from 
the   waste. 
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This  new  process  can  recover  chromate  and  permit  its  re-use  in  corrosion  control  of 
cooling  systems  at  a  potential  savings  over  present  costs.  Conservative  estimates  of  the 
recovery  process  are  20  to  SO  percent  of  the  cost  of  conventional  destruction  techniques 
when  using  chromate  formulations. 

Although  the  role  of  the  chromate  recovery  and  re-use  process  in  cooling  water 
technology  has  not  yet  been  fully  established,  it  may  become  the  most  practical  and 
economical  means  of  meeting  restricting  regulations  governing  the  pollutions  of  our 
water  supply. 

This  is  the  initial  report  on  the  subject  of  re-use  or  disposal  of  chromate-treated 
cooling  water,  and  is  submitted  as  information. 


Report  on  Assignment  9 

Methods   and   Materials   to   Be   Used   in 
Car-Cleaning  Facilities 

W.  E.  Billingsley  (chairman,  subcommittee),  W.  F.  Arksey,  J.  L.  Engler,  J.  L.  Goss, 
T.  I.  Gray,  H.  Parrish,  Jr.,  W.  D.  Phelps,  Jr.,  R.  D.  Powrie,  J.  M.  Ryan,  E.  R. 
Schlaf,  E.  M.  Walters,  J.  W.  Zwick. 

This  final  report  is  offered  as  information  and  is  supplementary  to  the  report  of 
this  committee  published  in  1964  setting  forth  design  information  related  to  water 
supply  and  chemical  application  used  in  the  cleaning  of  railroad  cars.  The  report  of 
Committee  14  published  in  1963  gave  descriptive  information  of  the  layout,  components 
and  operation  of  several  specific  car  cleaning  facilities.  A  remaining  area  relative  to  the 
cleaning  of  cars  is  the  control  and  treatment  of  contaminants  of  air  and  water  contiguous 
with  such  operations. 

A  fundamental  criteria  for  design  should  be  an  integrated  function  which  starts 
with  the  inbound  switching  operation  and  extends  not  just  to  the  outbound  switching 
operation  but  through  the  final  and  satisfactory  disposition  of  the  foreign  matter 
removed  from  the  processed  cars.  An  economic  evaluation  that  does  not  include  this 
latter  element  is  unrealistic  and  unsound.  From  an  operation  standpoint,  lack  of  a  satis- 
factory solution  to  this  disposal  problem  may  mean  that  the  problem  is  transferred  to 
the  jurisdiction  of  another  department,  and  the  ultimate  disposition  may  involve  costs 
that  off-set  a  substantial  portion  of  the  economies  contributed  to  the  modernized 
cleaning  operation. 

Air  Pollution 

Air  pollution  may  arise  from  a  vacuuming  cyclone,  grinding  operation  or  the 
incineration  of  dunnage,  timbers,  refuse  and  other  combustible  material.  One  of  the  first 
cleaning  operations  is  the  removal  of  refuse  and  debris  from  the  car.  This  material  in 
some  installations  is  fed  directly  into  a  large  grinding  mill  to  reduce  its  volume  and 
facihtate  subsequent  handling.  Lumps  of  powdery  or  granular  material,  such  as  fer- 
tilizer and  mine  products,  clay  products,  gypsum  board  and  other  similar  materials,  may 
create  objectionable  dust  problems  when  ground.  If  these  materials  are  directed  around 
the  grinding  operation,  the  dust  problem  may  be  avoided,  and  the  useful  life  of  the 
grinder  will  be  prolonged. 
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The  second  source  of  air  contamination  is  the  cyclone  from  the  vacuuming  opera- 
tion. Cyclone  collectors  are  considered  effective  for  particles  larger  than  10  to  20  microns. 
The  efficiency  of  operation  may  be  as  high  as  90  percent  for  particles  larger  than  20 
microns,  but  efficiency  decreases  sharply  with  decreased  particle  size  and  may  be  as  low 
as  60  to  70  percent  for  particles  about  5  microns  in  diameter  with  high  efficiency 
cyclones  and  much  lower  for  less  well  designed  units. 

Other  types  of  separators,  such  as  the  mechanical-centrifugal  type,  may  be  used. 
Deposit  of  materials  on  the  integral  fan  blades  may  decrease  efficiency  and  unbalance 
the  rotor,  thereby  unduly  increasing  maintenance  costs.  Wet  mechanical-centrifugal  col- 
lectors may  have  an  efficiency  approaching  75  percent  on  particles  as  small  as  1  to  2 
microns.  However,  moisture  carry-over  containing  contaminants  may  be  a  problem. 

Dry  fabric  collectors  may  give  efficiencies  approaching  100  percent  on  particle  sizes 
as  small  as  1  micron.  Preventive  maintenance  on  the  bag  houses  of  dry  collectors  may 
be  performed  during  normal  shutdown  periods  by  replacing  all  of  the  bags  simultane- 
ously. In  cold  climates,  condensation  formation  on  the  bags  with  subsequent  ice  forma- 
tion may  lead  to  plugging  of  the  fabric  and  system  failure. 

The  third  major  air  pollution  source  is  the  burning  of  waste  materials  either  in  an 
open  fire  or  in  an  incinerator.  Except  in  remote  areas,  disposal  by  open  fires  has  been 
outlawed  or  rigidly  restricted  by  air  pollution  ordinances,  and,  therefore,  incinerators 
are  the  only  acceptable  means  of  disposal.  In  addition,  ordinances  may  specifically  require 
that  animal  matter,  including  compost  from  stock  cars,  be  incinerated  under  controlled 
conditions.  Incinerators  are  required  to  be  multi-chamber  design  either  with  or  without 
an  auxiliary  fuel  burner  or  of  an  equivalent  design  approved  by  the  controlling  authority. 
Visible  emission  should  be  less  than  the  density  that  is  designated  as  Number  Two  on 
the  Ringleman's  Chart  as  published  in  the  U.  S.  Bureau  of  Mine  Information  Circular 
No.  7718.  Particulate  matter  emission  will  be  limited  by  a  schedule  based  upon  the  charg- 
ing rate.  Gases,  such  as  sulfur  dioxide  which  is  created  when  burning  cleanings  from 
bulk  sulfur  cars,  are  potential  problems  which  are  difficult  to  segregate  for  effective 
treatment.  The  nebulous  area  of  odor  emissions  is  another  possible  source  of  complaint 
in  locations  contiguous  to  residential  or  commercial  property.  Since  gases  and  odors  are 
generally  evaluated  on  a  ground-level  basis,  dispersal  by  stacks  of  adequate  height  is 
probably  the  most  economical  method  of  effectively  handling  these  problems.  The  Air 
Pollution  Handbook  pubhshed  by  McGraw-Hill  Book  Company  (1956)  contains  design 
criteria  for  evaluation  of  stacks  as  a  means  of  pollution  abatement  and  control. 

The  use  of  continuous  rather  than  batch  feeding  of  refuse  permits  better  control 
over  furnace  temperature  and,  therefore,  over  the  completeness  of  combustion  and, 
hence,  reduction  of  pollution.  Feeding  from  the  front  of  the  furnace  is  preferred  to 
dropping  charges  from  overhead.  This  avoids  disturbing  the  ash  which  might  be  carried 
by  the  flue  gases  through  the  stack  to  the  atmosphere. 

The  residue  from  an  incinerator  such  as  the  ash,  metal,  concrete  and  brick  should 
contain  very  little  biologically  active  material  that  would  be  attractive  to  rodents,  birds 
and  insects.  Therefore,  this  material,  reduced  in  bulk  from  its  original  state,  is  suitable 
for  land  fill  areas. 

Water  Pollution 

The  second  source  of  pollution  from  cleaning  operations  is  from  the  wash  water 
and  storm  water  run-off  from  the  area.  The  contaminants  found  in  the  effluent  water 
are  varied  both  as  to  quantity  and  type.  Bacteria  may  be  present  that  are  similar  to 
those  found  in  domestic  sewage.  In  addition,  there  are  many  other  deleterious  agents, 
both  soluble  and  insoluble.  One  analysis  revealed  the  following  agents: 
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Specific 
Agent  Gravity 

Starch    1.53 

Sodium   thiosulfate,   crystals    1.69 

Sodium   nitrate    2.37 

Kainite,  sodium  and  potassium  chlorides    2.07 

Limestone,    powdered    2.76 

Clay,  aluminum  silicate    2.32 

Coal  tar,  lumps  and  small  particles   1.17 

Sand,    fine    2.53 

Clay,    kaolin    2.00 

Diatomaceous    earth    1.79 

Calcium   phosphate    3.14 

Clay,    not   identified    2.32 

Other  unidentified  organic  powder   1.10 

The  first  four  agents  are  water  soluble.  Once  they  are  mixed  with  the  water,  their 
composition  changes,  thereby  compHcating  separation.  Vacuuming  or  sweeping  prior  to 
washing  eliminates  many  subsequent  difficulties.  A  suitably  designed  grit  chamber  or 
settling  basin  should  be  located  adjacent  to  the  cleaning  area  and  precede  any  treatment 
operation  or  extended  piping  system.  A  satisfactory  method  of  removing  the  sedimenta- 
tion must  be  provided.  This  may  be  an  automatic  skimmer-scraper  mechanism  or  a 
physical  arrangement  conducive  to  dragline  or  backhoe  operation. 

Separation  and  diversion  of  the  unccntaminated  portion  of  storm  water  run-off  will 
greatly  reduce  treatment  plant  size.  The  drainage  pattern  should  be  considered  in  the 
initial  planning  stage  of  the  cleaning  operation.  When  necessary  to  treat  a  portion  of  the 
storm  water,  it  is  often  possible  to  divert  around  the  plant  after  the  initial  run-off  has 
flushed  the  contaminated  area.  A  level  of  purity  must  be  estabhshed  which  is  acceptable 
to  the  control  authority. 

The  sedimentation  chamber  may  be  followed  by  a  screening  operation  to  remove 
the  intermediate-size  suspended  solids.  These  units  are  built  in  a  variety  of  commercial 
configurations.  Screens  may  be  of  a  rotary,  pressure  or  vacuum  design.  Their  use  reduces 
subsequent  downstream  plant  size,  chemical  treatment  and  pipehne  maintenance. 

After  the  sedimentation  and  screening,  the  effluent  may  be  piped  by  force  or  gravity 
to  a  waste  treatment  plant  at  a  convenient  location.  Treatment  for  car-cleaning  wastes 
is  similar  to  normal  sewage-treatment  facilities.  However,  in  order  to  maintain  efficient 
chemical  reactions,  pH  levels  may  require  adjustment  by  doses  of  either  an  acid  or  an 
alkali  as  revealed  by  influent  tests.  When  influent  is  contaminated  by  oil  from  fueling 
operations,  shop  activities  or  locomotive  and  truck-cleaning  operations,  an  API  separator 
must  precede  the  chemical  treatment  to  remove  the  suspended  oils.  Another  exception 
is  when  phenolic  cleaners  are  used  for  washing  operations.  The  allowable  phenol  level 
in  eiffluent  may  be  as  low  as  0.001  ppm.  The  presence  of  phenols  creates  problems  in 
maintaining  active  trickling  filter  bacteria.  The  inclusion  of  a  small  quantity  of  domestic 
sewage  through  the  plant  will  stimulate  the  desired  bacteria  growth.  The  activated  sludge 
process  has  been  used  to  treat  phenol  concentrations  up  to  25  ppm,  but  generally  fewer 
problems  are  encountered  by  use  of  the  trickling  filter. 

The  constraints  of  regulations  limiting  the  concentrations  of  synthetic  detergents  in 
finished  effluent  have  been  greatly  alleviated  by  detergent  manufacturers  converting  to 
bio-degradable  formulations.  However,  frothing  may  be  a  problem  in  plant  operation, 
especially  in  agitation  and  aeration  tanks.  A  retention  basin  with  controlled  release  is 
the  least  expensive  solution  to  the  treatment  or  disposal  of  detergent-contaminated 
waters. 
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Since  the  effluent  from  a  cleaning  area  will  fluctuate  widely  both  in  quantity  and 
quality,  supervisory  control  of  the  plant  must  be  by  competent  personnel.  Batching  and 
equalization  may  reduce  some  problems,  but  even  these  operations  require  knowledge- 
able supervision.  Some  jurisdictions  require  the  maintenance  of  regular  reports  and  logs 
of  plant  operation  and  may  require  full-time  staffing  by  qualified  personnel.  The  sub- 
stantial investment  in  equipment  warrants  a  well  organized  operation  and  maintenance 
program. 

Sludge,  sediment,  trash  and  other  wastes  from  the  cleaning  and  treatment  operation 
must  be  disposed  of  by  incineration  or  dumping.  Either  method  demands  proper  opera- 
tion and  good  housekeeping  in  order  not  to  create  a  secondary  pollution  problem. 

Recent  federal  action  in  the  air-  and  water-pollution  areas  and  the  increasing  con- 
cern by  state  and  local  governments  make  it  imperative  that  all  new  car-cleaning 
facilities  be  built  as  integrated  systems  with  adequate  disposal  facilities  included  in  the 
operating  plan. 
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Committee 

(E)    Member  Emeritus. 

Those  whose  names  are  shown  in  boldface,  in  addition  to  the  chairman,  vice-chairman  and 
secretary,  are  the  subcommittee  chairmen,  and  those  designated  by  asterisks  constitute  the  Engineering 
Division,    AAR,    Committee   9. 

To   the  American  Railway  Engineering  Association: 
Your  committee  reports  on   the  following  subjects: 

1.  Revision  of  Manual. 

Recommended  Manual  revisions  submitted  for  adoption   page  138 

2.  Merits    and    economics    of    prefabricated    types    of    highway-railway    grade 
crossings. 

Progress  report,  submitted  as  information   page  147 

3.  Merits  of  various  types  of  highway-railway  grade  crossing  protection,  col- 
laborating with   Communication  and  Signal  Section,  AAR. 

The  committee  is  keeping  in  touch  with  the  study  of  "Factors  Influencing 
Safety  at  Highway-Rail  Grade  Crossings"  being  made  by  Alan  M.  Voor- 
hees,  consulting  engineers,  for  the  Highway  Research  Board,  which  is 
expected  to  be  completed  in  November  1966.  If  the  results  are  released,  any- 
thing of  importance  will  be  reported  to  the  Association  at  the  March  1967 
convention. 

4.  Investigate  present  requirements  and  practices  of  marking  and  signing  pri- 
vate grade  crossings. 

Brief  progress  report,  submitted  as  information    page  149 

5.  Extent    of    use   and   effectiveness   of    highway-type   stop    signs   at    highway- 
railway  grade  crossings. 

Progress  report,  submitted  as  information    page   l.'!0 
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7.  Conduct   study   with   the   view   toward  developing  alternate  types  of  auto- 
matic   crossing    protection,    collaborating    with    Communication    and    Signal 
Section,   AAR. 
Brief  progress  report,  submitted  as  information    page  152 

The  Committee  on  Highways, 

R.  Dejaiffe,  Chairman. 
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Report  on  Assignment  1 

Revision  o£  Manual 

M.  A.  Wohlschlaeger  (chairman,  subcommittee),  G.  B.  Blatt,  C.  A.  Christensen,  W.  B. 
Calder,  V.  G.  Donlin,  F.  Daugherty,  C.  I.  Hartsell,  J.  T.  Hoelzer,  W.  H.  Huffman, 
H.  A.  Hunt,  R.  V.  Loftus,  R.  F.  MacDonald,  C.  B.  May,  D.  J.  Moody,  R.  E.  Not- 
tingham, R.  K.  Pattison,  R.  E.  Skinner,  J.  E.  Spangler,  W.  S.  Titlow,  C.  W. 
Traister,  J.  M.  Trissal. 

Recently  the  Grade  Crossing  Protection  Subcommittee  of  the  Train  Operation,  Con- 
trol and  Signals  Committee,  Association  of  American  Railroads,  published  Bulletin  No. 
6,  covering  recommended  practices  for  railroad-highway  grade  crossing  protection.  Bul- 
letin No.  6  supersedes  Bulletin  No.  5  which  was  completely  reviewed  and  revised  with 
the  collaboration  of  your  committee  and  the  AAR  Communication  and  Signal  Section. 
Your  committee  has  approved,  by  letter  ballot,  certain  revisions  in  Chapter  9  of  the 
AREA  Manual  so  that  it  will  conform  with  Bulletin  6.  In  revising  Chapter  9,  it  was  also 
determined  that  certain  other  revisions  were  necessary  to  eliminate  references  to  obsolete 
Signal  Manual  Specifications  and  Parts. 

Following  are  the  specific  recommended  revisions  to  Chapter  9: 

Page  9-2-1 

RECOMMENDED  USE  OF   HIGHWAY-RAILWAY  GRADE 
CROSSING  SIGNS 

In  the  tabulation,  for  Crossing  Situation  2,  "At  crossings  where  watchmen  service  is 
maintained  less  than  24  hr  daily,"  under  AREA  Manual  Reference  Pages,  delete  refer- 
ence to  pages  9-2-8  and  9-2-9. 

For  Crossing  Situation  3,  "At  crossings  where  manual  gates  are  used,  but  are  not 
operated  for  the  full  period  of  24  hr  daily,"  under  AREA  Manual  Reference  Pages, 
delete  reference  to  pages  9-2-8  and  9-2-9. 

Page  9-2-6 

Fig.   5 — Reflector   Watchman   Off-Duty   Sign 

Delete,  substituting  therefor  redrawn  Fig.  5  presented  herewith  (see  page  139),  in 
which  most  of  the  detail  has  been  eliminated. 
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NOTES: 

ALL  LETTERS   TO   BE  IN  BLACK  COLOR   ON  WHITE    BACKGROUND, 
EXCEPT   WHERE    LETTERS  ARE  OUTLINED  USING  REFLECTOR 
BUTTONS  A  BLACK  BACKGROUND  MAY  BE  USED. 

ALL  OR  ANY  PART  OF  SIGN   MAY  BE  CONSTRUCTED  OF  WOOD  OR 
METAL,  MOUNTED  ON  WOOD,  METAL  OR  CONCRETE  POST 


REFLECTOR  WATCHMAN  OFF  DUTY  SIGN 


Fig.  5 
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NOTES: 

ALL  LETTERS  TO  BE  IN  BLACK  COLOR  ON  WHITE   BACKGROUND, 
EXCEPT  WHERE    LETTERS  ARE  OUTLINED  USING  REFLECTOR 
BUTTONS  A  BLACK  BACKGROUND  MAY  BE   USED. 

ALL  OR  ANY   PART  OF  SIGN  MAY  BE  CONSTRUCTED  OF  WOOD  OR 
METAL,  MOUNTED  ON  WOOD,  METAL  OR  CONCRETE  POST. 


REFLECTOR  GATES  NOT  WORKING  SIGN 


Fig.  6 
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Page  9-2-7 

Fig.  6 — Reflector  Gates  Not  Working  Sign 

Delete,  substituting  therefor   redrawn  Fig.  5   presented  herewith   (see  page   140),  in 
which  most  of  the  detail  has  been  eliminated. 


Fig.   7 — Mounting   of   Reflector   Signs 


Fig.   8 — Cover   Plates   for   Signs 


Page  9-2-8 

Delete. 
Page  9-2-9 

Delete. 

Page  9-3-1 

RECOMMENDED  USE  OF  HIGHWAY-RAILWAY  GRADE 
CROSSING  SIGNALS 

In  the  tabulation,  for  crossing  situation  "Where  street  or  roadway  is  very  wide  or 
where  side  of  road  installations  are  likely  to  be  obscured,"  under  Signal  Recommended, 
change  to  read:  "Cantilever  flashing-light  signal,  as  shown  on  pages  9-3-21  to  9-3-24, 
inch,  located  as  shown  on  pages  9-3-8,  9-3-9,  9-3-11,  9-3-12  and  9-3-13. 

Change  the  AREA  Manual  Reference  Pages  for  this  crossing  situation  to  read 
9-3-21  to  9-3-24,  incl.,  9-3-8,  9-3-9,  9-3-11,    9-3-12  and  9-3-13. 

For  crossing  situation  "Where  a  street  or  roadway  adjacent  to  and  approximately 
parallehng  a  railroad  intersects,  etc.,"  under  Signal  Recommended,  change  page  reference 
to  page  9-3-26.  Change  the  .\REA  Manual  Reference  Pages  to  read  9-3-25  and  9-3-26. 

Pages  9-3-2  and  9-3-3 

SPECIFICATIONS  FOR  HIGHWAY  GRADE  CROSSING  SIGNALS 

Art.  2 — Aspect:  In  lines  2  and  3,  change  reference  to  signal  type  to  read  "Fig.  14, 
Fig.   18,  Fig.  19,  Fig.  20  or  Fig.  21,  .  .  ." 

Art.  3 — Painting:   Rewrite  entire  text  as  follows: 

"Painting,  when  required,  shall  be  in  accordance  with  Signal  Manual  Part  110,  and 
metal  parts  which  do  not  function  as  hoods  or  backgrounds  for  signals  employing  lights 
shall  be  given  a  finishing  coat  of  white  or  aluminum." 

.•\rt.  4 — Operating  Time:    Change  to   read  as  follows: 

Art.  4 — Operation 

(a)    General 

1.  Signals  and  devices  which  indicate  the  approach  of  a  train  shall  be  so  controlled 
that  they  will  operate  for  such  a  period  of  time  before  the  arrival  of  any  train  operated 
over  the  crossing  as  is  reasonably  required  to  afford  protection. 

Bal.  602 


142 Highways 

2.  Controls,  including  electric,  electronic  and  mechanical  methods,  shall  be  in 
accordance  with  Signal  Manual  Part  34,  insofar  as  it  applies,  and  as  far  as  practicable 
shall  be  so  designed  that  in  the  event  of  failure  of  any  part,  the  operation  required  of 
the  signals  and  devices  will  be  provided. 

3.  Where  means  are  provided  for  cutting  out  the  protective  devices  during  intervals 
when  trains  make  regular  operating  stops  or  perform  switching  operations  on  approach 
circuits: 

(A)  Controls  shall  be  so  designed  as  to  provide  operation  of  protective  devices 
before  a  train  reaches  the  crossing. 

(B)  Automatic  control  of  protective  devices  actuated  by  approaching  trains  other 
than  the  train  that  has  stopped  or  is  performing  switching  operations,  shall 
take  precedence  over  any  cut-out  feature. 

4.  Where  manual  supervisory  control  of  protective  devices  is  provided  in  addition 
to   automatic  controls: 

(A)  Automatic  control  actuated  by  approaching  trains  other  than  that  for  which 
manual  control  has  been  made  effective  shall  take  precedence  over  the  manual 
control. 

(B)  Means  shall  be  provided  to  restore  the  controls  to  automatic  operation. 

(C)  Means  shall  be  provided  to  prevent  manual  operation  by  unauthorized 
persons. 

(b)    Controls 

1.  On  tracks  where  trains  operate  at  a  speed  of  20  mph  or  higher,  the  signals  shall 
operate  for  not  less  than  20  sec,  before  arrival  of  any  train  on  such  track. 

2.  For  trains  in  either  direction  on  tracks  over  which  trains  normally  operate  in 
either  direction,  and  for  trains  moving  with  the  current  of  traffic  on  tracks  over  which 
trains  normally  operate  in  one  direction  only,  signals  shall  operate  until  rear  of  the  train 
clears  the  crossing. 

3.  Where  reverse  running  is  frequent,  consideration  shall  be  given  to  meeting  the 
same  requirements  as  provided  in  paragraph   2,  above. 

4.  Where  train  speeds  on  a  given  track  vary  considerably  under  normal  operation 
and  volume  of  railroad  and  highway  traffic  warrants,  special  devices  or  circuits  may  be 
provided  to  reduce  warning  time  of  slower  trains. 

5.  Bell  should  sound  a  warning  from  the  time  signal  lights  start  to  operate  at  least 
until   head  end   of   train  has   reached  the   crossing. 

6.  Where  highway  traffic  or  other  conditions  warrant  and  traffic  signals  are  located 
within  200  ft  of  a  railrcad-highway  grade  crossing  which  is  provided  with  highway 
crossing  signals,  a  circuit  may  be  provided  to  preempt  the  traffic  light  controller  during 
approach  and  passing  of  train  as  described  in  the  Manual  on  Uniform  Traific  Control 
Devices  for  Streets  and  Highways. 

Art.  S — Bell:   Under  Sec.   (a):   In  second  line  delete  reference  to  "Specification  44." 
Remove  the  words  "Flashing-Light  Type"  between  Art.  5  and  Art.  6. 
Art.  6 — Electric  Light  Units:  Rewrite  entire  text  to  read  as  follows: 
Electric  light  units  shall  be  in  accordance  with  AAR  Signal  Manual  Part  166,  and 
shall  be  arranged  to  provide  indication  for  approaching  traffic  as  required.  They  shall  be 
mounted  horizontally  at  2-ft  6-in  centers  and  preferably  not  less  than  7  ft  nor  more  than 
9  ft  above  the  surface  of  the  highway. 

Art.  8 — Flashes:   Rewrite  entire  text  to  read  as  follows: 
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(a)  Light  units  shall  flash  alternately.  The  number  of  flashes  per  minute  for  each 
incandescent  type  lamp  shall  be  30  minimum,  45   maximum. 

(b)  Lamps  shall  be  illuminated  approximately  the  same  length  of  time.  Total  time 
of  illumination  of  each  pair  of  lamps  shall  be  practically  the  entire  operating  time. 

Following  page  9-3-22,  insert  the  following  two  new  drawings  (presented  herewith 
on  pages  144  and  145). 

Fig.    20 — Highway    Crossing    Signal,    Flashing-Light    Type, 
Fixed  8-Ft  to  20-Ft  Cantilever  Span 

Fig.    21 — Highway    Crossing    Signal,    Flashing-Light    Type, 
Rotatable  8-Ft  to  20-Ft  Cantilever  Span 

Page  9-3-23 

Art.  3 — .Aspect:  In  second  line  replace  the  word  "marker"  by  the  words  "flasher 
unit." 

.■\rt.  4 — -Mounting.  Paragraph  (a):  Rewrite  text  as  follows: 
(a)  Signal  shall  be  placed  as  close  to  the  intersection  as  practicable. 
Paragraph   (b) :   Replace  the  word  "marker"  by  the  words  "flasher  unit." 
Paragraph  (c) :   Rewrite  text  as  follows: 

(c)  Mounting  of  sign  and  flasher  unit  on  mast  shall  conform  to  AAR  Signal 
Drawing  1488. 

Art.  5 — Painting:    In  second  line  delete  the  reference  to  "Specification  120." 

Art.  6 — Design  and  Assembly:   Rewrite  entire  text  as  follows: 

"Xo  Right  Turn"  or  "Xo  Left  Turn"  signs  shall  be  in  accordance  with  .^AR  Signal 

Manual  Part   237;   sign   roundel  shall  have  transparent  letters  with   black  background. 

Yellow   flasher  unit  shall  be  in  accordance  with  AAR  Signal  Manual  Part   166,  except 

for  color. 

Page  9-3-24 

Fig.  20 — "No  Right  Turn"  or  "No  Left  Turn"  Signal 

Change  figure  number  from  20  to  22.  Eliminate  .side  view  from  drawing.  {Revised 
drawing  presented  herewith  on   page   146). 

Pages  9-4-1   and  9-4-2 

SPECIFICATIONS  FOR  AUTOMATIC  CROSSING  GATES 
Page  9-4-2,  Art.  4 — Mechanism:    Delete   reference  to   "Specification   199." 
Art.  5 — Operation:   Rewrite  entire  text  as  follows: 

(a)  Gate-arm  lights  shall  operate  in  conjunction  with  the  highway  crossing  signal 
at  all  times  when  the  gate  is  in  position  to  obstruct  highway  traflic.  The  light  nearest 
the  tip  of  arm  shall  burn  steadily  and  two  lights  shall  flash  alternately  in  unison  with 
the  lights  on  the  signal. 

(b)  Gate  arm  shall  start  its  downward  motion  not  less  than  3  sec  after  the  signal 
lights  start  to   operate. 

(Text   lontinufd  on    ptiiif   1471 
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TOP  OF    FOUNDATION   6  IN 
ABOVE    CROWN  OF  HIGHWAY. 


HIGHWAY    CROSSING    SIGNAL 

FLASHING-LIGHT  TYPE,  FIXED  8  FT  TO  20  FT  CANTILEVER  SPAN 


Fig.  20 
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err  TO  20Ft 


TOP  OF  FDUNOfcTION  6  IN 
ABOVE   CKWH  OF  HtGHWAY 


:-n 


ASSEMBLY 
ROTATES 
IN  JCT  BOX 
BASE 


HIGHWAY     CROSSING      SIGNAL 

FLASHING-LIGHT  TYPE.  ROTATABLE  8  FT  TO  20  FT  CANTILEVER   SPAN 


Fig.    21 
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DETAILS    SHOWN   ON 
SIGNAL   DRAWING    I4S8 


LETTERS  SHALL  BE 
TRANSPARENT  WITH  - 
BLACK  BACKGROUND 


TOP  OF  FOUNDATION 
6  IN.  ABOVE  CROWN  OF 
HIGHWAY 


NO   RIGHT    TURN"  OR    NO   LEFT    TURN    SIGNAL 


Fig.  22 
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(c)  Gate  arm  shall   reach   the   horizontal   position  before  arrival  of  any   train  and 
shall  remain  in  that  position  until  rear  of   the  train  has  cleared  the  crossing. 

(d)  Bell  shall  sound  a  warning  from  the  time  the  signal  lights  start  to  operate  at 
least  until  the  gate  arm  has  descended  to  within  10  deg  of  the  horizontal  position. 

Art.   7 — Bell,  Paragraph    (a):    In  second  line  delete  reference  to  "Specification  44." 
Paragraph    (b):    Delete   entire   paragraph. 

Page  9-4-3 

SPECIFICATIONS  FOR  LAMPS  ON   MANUALLY-OPERATED 
CROSSING  GATES 

Delete  entire  text. 


Your   committee    recommends   approval    by    the   .Association   of   the   above   Manual 
changes. 


Report  on  Assignment  2 

Merits  and  Economics  of  Prefabricated  Types  of 
Highway-Railway  Grade  Crossings 

\V.  \.  Buckmaster  (chairman,  subcommittee),  R.  L.  Charlow,  C.  A.  Christensen,  T.  P. 
Cunningham,  F.  Daughertv,  V.  G.  Donlin,  C.  H.  Gaut,  Wm.  J.  Hedlev,  J.  T. 
Hoelzer,  C.  L.  Holman,  W.  H.  Huffman,  J.  A.  Jorlett,  R.  F.  MacDonald,  E.  S. 
Miller,  D.  J.  Moodv,  R.  E.  Nottingham,  J.  E.  Revnolds,  P.  H.  Slack,  J.  E.  Spangler, 
C.  H.  Stephenson,  VV.  S.  Titlow,  C.  W.  Traister,  H.  VV.  Walbright,  G.  A.  Williams, 
M.  A.   Wohlschlaeger. 

In  July  1963  this  ccmmittee  received  a  copy  of  a  detailed  report,  dated  1961,  on 
installations  of  prefabricated  concrete  slabs  in  street  crossings  in  the  City  of  Edmonton, 
Alberta,  Canada,  and  a  letter  of  explanation  from  J.  D.  A.  Macdcnald,  city  engineer. 
The  installations  were  begun  in  an  experimental  manner  in  1959  and  by  the  summer  of 
1963  some  35  street  crossings  had  been  installed.  These  streets  have  a  high  volume  of 
vehicular  traffic.  Rail  traffic  consisted  mostly  of  transcontinental  passenger  trains  and 
local   trains. 

Flat-bottom  slabs,  15J4  in  wide  by  72  in  long,  with  armored  perimeters  and  rein- 
forcing, were  used  for  the  initial  installations.  A  thickness  of  5%  in  was  selected  to  fit 
85-lb  rail  which  was  in  common  use  on  side  tracks.  Flangeways  were  made  from  8S-lb 
rail  and  wooden  filler  strips  were  used  between  the  running  rails  and  outside  slabs. 
When  these  5J4-in  slabs  were  used  in  100-lb  trackage,  l->^-in  wooden  shims  were  placed 
beneath  the  slabs.  Later,  the  slab  thickness  was  increased  to  65^  in  for  100-lb  rail  in 
order  to  eHminate  the  l)^-in  shims,  which  were  quite  expensive  to  install  and  which, 
it  was  felt,  did  not  provide  suitable  stability  for  the  slabs.  The  shims  also  prevented  the 
lag  screws  from  giving  sufficient  hold-down   power. 

Very  early  in  the  experiment  it  was  found  that  the  flat  bottoms  were  somewhat  to 
blame  for  the  rocking  of  the  slabs,  and  the  design  was  changed  to  provide  for  arched 
bottoms.   This   change   produced    the   desired   stability   and   was   considered   a   most   im- 
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portant  factor  in  the  satisfactory  performance  of  the  slabs.  Great  importance  was 
attached  to  the  use  of  ^-in  by  10-in  lag  screws  for  hold-down  fastenings. 

Treated  sawed  crossties,  7  in  by  9  in  by  8  ft  6  in,  on  18-in  centers,  were  used. 
Ballast  was  pit-run  gravel.  Saturated  asphalt  strips  were  inserted  between  the  vertical 
base  of  the  flangeway  rail  and  the  edge  of  the  slab,  and  also  between  the  ends  of  slabs. 
Side  joints  between  the  slabs  were  filled  with  hot  asphalt.  These  methods  provided 
insulation  between  the  slabs  and  waterproofing  of  the  joints. 

Rigid  supervision  was  applied  to  all  phases  of  manufacture,  installation  of  the  cross- 
ings, and  rehabilitation  of  track  and  substructure.  All  means  were  used  to  keep  the  areas 
under  the  crossings  dry  in  order  to  control  frost  heaving. 

In  1959,  a  ten-year  life  of  the  slab  crossings  was  the  goal.  According  to  recent 
correspondence  with  Mr.  Macdonald,  it  appears  such  a  target  will  be  easily  reached. 

Where  the  effects  of  de-icing  chemicals  caused  spalling  of  the  concrete,  a  coal-tar 
epoxy  was  successfully  used  for  resurfacing,  and  it  is  estimated  this  will  result  in  a 
further  three  to  five  year  life  for  such  slabs.  This  treatment  cost  an  average  of  about 
SO  cents  per  sq  ft,  including  material,  labor  and  handling. 

Some  recent  experimenting  has  been  done  with  9-ft  slabs  in  service  trackage.  A  con- 
siderable reduction  in  installation  costs  has  been  found  in  the  use  of  the  9-ft  slabs,  and 
the  City  of  Edmonton  may  therefore  adopt  this  length  as  standard. 

The  use  of  precast  concrete  slabs  has  extended  to  other  locations  in  We.stern 
Canada. 

Concrete  Slabs  on  the  SAL 

Correspondence  with  members  of  this  committee  on  the  Seaboard  Air  Line  shows 
that  precast  concrete  slabs  are  in  regular  use  on  that  railroad.  One  standard,  for  use  on 
sawed  crossties  on  21 -in  centers,  utilizes  slabs  5  in  thick  by  16§^  in  wide  by  7  ft  long, 
with  5-in  channel  perimeters  and  No.  4  reinforcing  rods.  These  are  used  with  treated 
hardwood  shims  of  various  thicknesses  to  provide  for  100-lb,  llS-lb  and  132-lb  rail. 
Wooden  flangeway  and  outside  filler  strips  are  used.  Slabs  are  separated  at  their  sides 
by  the  use  of   13/l6-in  wooden  strips  for  insulation.  End  slabs  have  one  end  bevelled. 

Their  experience  has  shown  that  the  slabs  must  have  perfectly  level  bottoms,  and 
that  the  wooden  shims  must  be  dressed,  in  order  to  prevent  rocking  under  traffic,  with 
resulting  failure  of  the  concrete. 

Another  standard  provides  for  slabs  of  somewhat  similar  manufacture,  but  with 
thicknesses  varying  to  fit  the  three  rail  sections  previously  mentioned,  and  is  used  in 
combination  with  precast  concrete  crossties.  A  3^ -in  rubber  pad  is  placed  between  the 
slabs  and  concrete  crossties,  cemented  in  place  with  a  contact  cement. 

Hold-down  screws  are  not  used  on  either  type  of  concrete  slab. 

The  Seaboard  has  found  the  concrete  slabs  to  be  very  satisfactory  and  provide 
superior  riding  conditions  at  crossings  involving  heavy  vehicular  traffic. 


Further  inquiry  into  the  use  of  full-length  8-ft  6-in  rubber  tie  pads  indicates  an 
increasing  number  of  railroads  have  made  trial  installations,  usually  in  combination  with 
new  timber  panels,  and  report  satisfying  results  with  apparent  savings  in  mainte- 
nance costs. 

The  Belt  Railway  of  Chicago  has  standardized  on  the  use  of  8-ft  6-in  tie  pads  and 
double-shoulder  rubber  tie  plates  for  all  of  its  street  crossing  renewals  with  timber 
panels. 

This  report  is  submitted  as  information,  with  the  recommendation  that  the  subject 
be  continued. 
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Report  on  Assignment  4 

Investigate  Present  Requirements  and  Practices  of 
Marking  and  Signing  Private  Grade  Crossings 

H.  VV.  Walbright  (chairman,  subcommittee),  H.  J.  Barnes,  W.  A.  Buckmaster,  F.  C. 
Cunningham,  T.  P.  Cunningham,  V.  G.  Donlin,  C.  H.  Gaut,  C.  L.  Holman,  J.  A. 
Holmes,  \V.  H.  Huffman,  H.  A.  Hunt,  R.  V.  Loftus,  R.  F.  MacDonald,  R.  W. 
Mauer,  C.  B.  May,  H.  L.  Michael,  E.  S.  Miller,  R.  K.  Pattison,  J.  E.  Reynolds, 
R.  E.  Skinner,  R.  F.  Spars,  C  H.  Stephenson,  C.  W.  Traister,  H.  J.  Wilkins,  G.  A. 
WilHams.  K,  E.  Wyckoff. 

The  canvass  of  the  49  continental  states,  as  well  as  Canada,  has  now  been  com- 
pleted with  respect  to  this  assignment.  There  are  no  additional  states  which  have  laws 
or  commission  orders  requiring  railroads  to  erect  warning  signs  at  private  crossings  other 
than  the  four  previoush'  mentioned,  i.e.,  California,  Connecticut,  Michigan,  and  South 
Carolina.  The  requirements  of  these  particular  states  were  reported  in  detail  in  Bulletin 
595,  November  1965. 

The  major  railroads  in  each  of  the  above  four  states  have  been  canvassed  concern- 
ing individual  railroad  policy  and  practice  with  respect  to  marking  such  private  crossings 
in  compliance  with  statutory  requirements,  and  these  practices  are  described  as  follows: 

California 

The  state  commission  staff  has  recommended  a  standard  crossbuck  to  which  would 
be  attached  a  sign  reading  "Private  Crossing."  However,  California  railroads  are  jointly 
continuing  their  study  of  this  problem  and  signs  of  different  design  are  being  considered. 

Connecticut 

The  major  railroad  in  this  state  reports  statutory  compliance  and  uses  a  standard 
18-in  by  24-in  reflectorized  sign  with  3 -in  black  letters  superimposed  reading  "Private 
Railroad  Crossing." 

Michigan 

One  of  the  major  railroads  in  this  state  considers  that  the  phrase  "suitably  guarded," 
as  stated  in  the  Michigan  law,  refers  in  its  opinion  to  cattle  guards,  gates,  etc.,  and  not 
protection  in  the  form  of  signs  and  does  not  use  signs  to  denote  private  crossings. 

Another  major  railroad  reports  that  it  has  at  no  time  provided  any  type  of  signs, 
such  as  crossbucks  or  private  roadway  signs,  at  ordinary  farm  crossings.  It  does, 
of  course,  provide  private  crossings  as  required  by  law  and  maintains  same  at  railroad 
expense.  The  signing  of  any  other  private  crossings  on  this  particular  railroad  are  borne 
by  the  user  and  covered  by  appropriate  agreement. 

South  Carolina 

One  of  the  major  railroads  in  this  state  reports  that  it  complies  with  the  South 
Carolina  code  by  instaUing  standard  crossbuck  signs  and  whistle  posts,  charging  the 
applicant  or  user  where  an  agreement  can  be  obtained. 

.\nother  major  railroad   in   this  state   reports  that   it  does  not  install  crossbucks  or 
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any  other  signs  at  private  crossings,  especially  where  such  crossings  are  covered  by 
appropriate  agreement.  However,  where  the  crossing  is  extremely  hazardous,  standard 
crossbucks  are  installed  at  railway  expense. 

Canada 

Private  crossings  of  railways  under  either  federal  or  provincial  charter  in  Canada 
come  under  the  jurisdiction  of  the  railway  concerned.  Most  railways  operating  in 
Canada  install  a  suitable  sign  at  these  crossings  and  require  the  user  to  execute  a  private 
crossing  agreement  covering  the  cost  thereof.  The  type  of  sign  used  is  not  standardized 
but  complies  with  the  standards  set  by  each  railway. 

This  is  a  progress  report,  submitted  as  information  with  the  recommendation  that 
the  subject  be  continued. 


Report  on  Assignment  5 

Extent  of  Use  and  Effectiveness  of  Highway-Type  Stop 
Signs  at  Highway-Railway  Grade  Crossings 

K.  E.  Wyckoff  (chairman,  subcommittee),  F.  N.  Barker,  H.  J.  Barnes,  G.  B.  Blatt, 
R.  L.  Charlow,  F.  C.  Cunningham,  F.  Daugherty,  C.  H.  Gaut,  Wm.  J.  Hedlev,  R.  V. 
Loftus,  R.  W.  Mauer,  C.  B.  May,  H.  L.  Michael,  D.  J.  Moody,  P.  H.  Slack,  J.  E. 
Spangler,  R.  F.  Spars,  W.  S.  Titlow,  G.  A.  Williams,  R.  E.  Nottingham,  C.  A. 
Christensen,  M.  A.  Wohlschlaeger,  W.  A.  Buckmaster,  J.  A.  Jorlett,  C.  I.  Hartsell, 
W    B.   Calder,  V.  G.  Donhn. 

Your  committee  has  been  engaged  in  studies  as  to  the  effectiveness  of  existing  stop 
crossings  in  various  sections  of  the  country  and  has  the  following  information  to  report 
with  respect  to  three  locations: 

Fergus  Falls,  Minn. 

Fergus  Falls  is  located  in  the  central  part  of  Minnesota  near  its  western  border. 
The  1960  census  indicated  a  population  of  13,733.  A  branch-line  railroad  track  crossing 
diagonally  through  the  city,  intersects  ten  city  streets  at  grade.  Four  of  these  grade 
crossings  are  protected  by  automatic  signals  and  the  balance  by  crossing  signs  and  red, 
octagonal,  highway-type  stop  signs. 

The  city  passed  an  ordinance  in  the  fall  of  1962  requiring  that  all  vehicles  be 
brought  to  a  full  stop  prior  to  crossing  any  railroad  track  marked  with  a  stop  sign  and 
to  ascertain  whether  or  not  trains  were  approaching  such  crossing.  Fines  were  provided 
for  in  the  ordinance  for  failure  to  stop. 

The  poHce  issued  a  number  of  warning  tickets  following  passage  of  the  ordinance 
and  have  continued  to  make  periodic  checks.  Although  it  was  determined  that  motorists 
were  observing  the  stop  signs  better  when  a  police  car  was  in  the  vicinity,  the  increase 
in  observance,  from  that  prior  to  passage  of  the  ordinance,  was  remarkable.  Checks  on 
the  most  heavily  travelled  street  so  protected  in  October  1962  and  again  in  June  1965 
showed  that  81  percent  and  91  percent,  respectively,  of  the  vehicles  stopped  or  slowed 
down.  A  check  of  six  grade  crossings  in  1959  showed  that  only  an  average  of  4  percent 
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of  the  vehicles  actually  stopped,  whereas  52  percent  of  the  vehicles  actually  stopped  in 
October  1962  and  June  1965. 

Observance  of  the  stop  sign  provision  is  still  good;  however  objections  are  now 
being  raised  with  respect  to  the  use  of  the  stop  sign  on  the  most  heavily  travelled  street. 

Lincoln,  Neb. — Use  of  Stop  Signs  at  Railroad  Crossings — 
Study  Carried  Out  by  City  Traffic  Engineering  Department 

Thirteen  railroad-highway  crossings  located  in  residential  or  residential-industrial 
areas  on  three  different  railroads  were  investigated.  Vehicular  factors  included  one  high- 
way lane  in  each  direction,  speed  of  25  mph,  volume  of  60  to  1560  per  day.  Railroad 
factors  included  one  to  three  tracks,  speed  of  18  to  79  mph,  volume  of  2  to  28  per  day. 
Physical  factors  included  crossing  angles  of  54  deg  or  greater,  majorily  of  approaches 
were  surfaced,  approach  grades  of  0  to  4  percent,  one  or  more  quadrants  with  visibility 
restrictions.  .Accident  information  showed  4  of  a  total  of  65  train-vehicle  accidents  in 
Lincoln  during  1960-1964,  incl.,  occurred  at  the  step  crossings. 

Study  Conclusions: 

1.  In  general,  there  is  a  lack  of  respect  for  all  stop  signs  in  strict  compliance  with 
ths  law.  (Lincoln  Municipal  Code  defines  stop  at  a  stop  sign  as  the  "complete  cessation 
of  movement") . 

2.  Drivers'  disrespect  for  stop  signs  at  railroad  crossings  is  even  greater. 

3.  Driver  reaction  to  stop  signs  does  not  differ  significantly  from  one  railroad 
crossing  to  the  next. 

4.  Neither  train  speeds,  train  volumes,  sight  distances,  traffic  volumes,  direction  of 
approach,  angle  of  crossing,  number  of  tracks  or  daytime-nighttime  conditions  influence 
driver  compliance  at  stop  signs. 

Comments  with  Respect  to  Conclusions: 

1.  This  conclusion  relates  solely  to  those  vehicles  which  make  a  complete  stop 
(15.4  percent).  We  believe  that  the  next  category  (almost  stop,  0-3  mph)  should  be 
included  (61.2  percent)  for  a  total  of  76.6  percent.  Operators  of  vehicles  moving  0-3 
mph  have  control  of  the  vehicle  and  can  stop  it  almost  immediately  if  required. 

2.  This  conclusion  might  be  true  for  the  study  at  Lincoln;  however,  in  the  case 
of  the  figures  Hsted  in  the  report  in  similar  studies  at  Akron,  Ohio,  and  in  rural  Indiana, 
the  percentage  of  observance  from  full  stop  to  3  mph  was  similar  to  observance  noted 
in  Comment  1  above.  Better  poHcing  of  these  crossings  would  result  in  greater 
observance  of  the  law  to  stop. 

3.  Undoubtedly  this  statement  is  true  except  as  the  report  notes  for  the  66lh  Street 
grade  crossing  on  the  Rock  Island  where 

a.  A.D.T.  is  largest  of  the  crossings  studies  (1561) 

b.  It  is  a  collector  street 

c.  A  recent  fatal  accident  occurred  en  this  crossing 

4.  Conclusions  are  undoubtedly  correct ;  however  some  of  these  conditions  would 
have  been  responsible  in  the  first  instance  for  the  establishment  of  these  crossings  as 
stop  crossings.  We  also  note  that  the  study  would  indicate  that  driver  compliance  is  not 
influenced  by  traffic  volumes  up  to  the  958  A.D.T.  checked. 

Oconomowoc,  Wis. 

Oconomowoc  is  situated  in  the  southeastern  section  of  Wisconsin.  The  city  has  a 
population  of  approximately  7000.  A  double-track  main-line  railroad  crosses  through  the 
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city  in  generally  an  east-west  direction,  intersecting  1 1  streets  at  grade.  Flashing-light 
signals  protected  all  crossings  with  8  locations  having  manual  supervision  between  12 
noon  and  8  pm  from  Monday  through  Friday. 

Vehicular  traffic  volumes  occurring  in  a  16-hour  period  in  May  1963  varied  between 
195  vehicles  and  2191  vehicles  for  the  11  crossings.  Daily  train  traffic  consisted  of  12 
passenger  trains  and  8  through  freight  trains.  Switch  movements  were  also  involved  on 
Monday  through  Friday.  Vehicular  speed  approaching  crossings  is  25  mph  or  less. 
Maximum  train  speed  is:  passenger  90  mph,  freight  60  mph. 

Supplemental  stop  signs  were  placed  at  all  grade  crossings  in  June  1964  following 
adoption  of  a  city  ordinance  requiring  a  stop  at  all  grade  crossings.  The  stop-sign  instal- 
lations were  to  be  temporary  pending  a  study  of  the  crossings  with  a  view  to  placement 
of  gates  and  closure  of  several  of  the  crossings.  The  city  enforced  the  stop  provisions. 

Gates  are  now  in  place  at  seven  grade  crossings  and  the  other  four  crossings  have 
been  closed.  Manual  supervision  is  furnished  for  six  crossings  between  noon  and  8  pm 
from  Monday  through  Friday.  Stop  signs  are  in  place  on  all  seven  crossings  and  obser- 
vations indicate  a  remarkable  observance  of  the  stop  provisions,  although  there  is 
presently  no  special  policing  of  the  crossings. 

Observations  on  July  19  and  22,  1966,  for  periods  of  25  minutes  to  2  hours  on  each 
crossing  indicate  an  average  of  78.35  percent  of  vehicles  observing  a  complete  stop.  An 
additional  18.15  percent  of  vehicles  slowed  to  less  than  5  mph.  There  were  no  trains  at 
three  crossings  and  a  maximum  of  two  trains  at  the  other  four  crossings  during  the 
observation  periods. 

The  chief  of  police  has  indicated  there  have  been  no  accidents  since  the  stop  signs 
were  placed  in  June  1964.  Undoubtedly  this  improvement  initially  was  largely  due  to 
stop-sign  placement  and  policing  of  the  stop  provisions. 

This  is  a  progress  report  submitted  as  information  with  the  recommendation  that 
the  subject  be  continued. 
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Conduct  Study  with  the  View  Toward  Developing 

Alternate  Types  of  Automatic  Crossing 

Protection 

Collaborating  with  Communication  and  Signal  Section,  AAR 

C.  I.  Hartsell  (chairman,  subcommittee),  F.  N.  Barker,  H.  J.  Barnes,  G.  B.  Blatt, 
W.  A.  Buckmaster,  W.  B.  Calder,  R.  L.  Charlow,  F.  C.Cunningham,  T.  P.  Cunning- 
ham, Wm.  J.  Hedley,  J.  T.  Hoelzer,  C.  L.  Holman,  J.  A.  Holmes,  H.  A.  Hunt, 
H.  L.  Michael,  E.  S.  Miller,  R.  K.  Pattison,  P.  H.  Slack,  J.  E.  Spangler,  R.  F. 
Spars,  C.  H.  Stephenson,  C.  W.  Traister,  H.  J.  Wilkins,  H.  W.  Walbright,  K.  E. 
Wyckoff. 

Your  committee  present  the  following  information  on  two  developments  in  crossing 
protection  that  are  of  general  interest  to  the  Association. 
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"Wait— 2  Trains" 


Several  railroads,  with  the  cooperation  of  the  Illinois  Commerce  Commission,  have 
installed  this  sign  which  lights  up  when  two  or  more  trains  are  in  the  approach  circuits 
on  two  or  more  tracks.  This  sign  is  placed  on  the  vertical  mast  of  the  ordinary  flashing- 
light  installation.  The  advantage  of  the  sign  is  to  warn  vehicular  traffic  of  the  approach 
to  the  grade  crossing  of  a  second  train  without  the  costly  gate  installation.  It  is  installed 
at  crossings  with  relatively  light  highway  traffic  and  multiple  tracks  through  the  crossing. 

All  reports  received  have  been  favorable  and  the  sign  seems  to  have  been  effective 
over  a  period  of  three  years. 

Crossing  Gates 

A  signal  company  has  designed  a  hydraulically  operated  crossing  gate  which  can  be 
installed  on  an  existing  flashing-light  signal  mast  at  minimum  expense.  The  gate  arms 
can  be  up  to  2>2  ft  in  length.  The  arms  are  fiberglass  with  white  paint  impregnated  into 
the  material,  with  striping  to  be  painted  by  each  railroad.  The  assembly  is  constructed 
with  a  "breakaway"  feature  so  that  if  the  arm  is  struck  by  a  vehicle  it  results  in  the 
shear  bolt  breaking  and  only  minor  damage  occurs  to  the  gate  arm. 

The  lightweight  mechanism  and  gate  arms  can  be  installed  by  a  two-  or  three- 
man  crew. 

One  drawback  to  this  gate  is  that  the  electrical  current  requirement  for  operation 
is  greater  than  for  the  normal  installation. 

This  is  a  progress  report  submitted  as  information  with  the  recommendation  that 
the  subject  be  continued. 
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Committee 


t  Died   .August    18.    1966. 

(E)  Member  Emeritus. 

Tho.'^e  whose  names  are  shown  in  boldface,  in  addition  to  the  chairman,  vice  chairman  and 
secretary,  are  the  subcommittee  chairmen,  and  those  designated  by  asterisks  constitute  the  Engineering 
Division,    ."XAR,    Committee    14. 

To   the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

There  are  no  recommendations  for  revision  to  Chapter  14  of  the  Manual 
this  year.  Subcommittee  3  will  have  recommendations  to  make  next  year 
covering  material  that  is  currently  being  studied. 

2.  Classification  yards,  collaborating  with  Commit '.ee   16. 

Report  entitled  "Recent  Developments  in  I:etarder  Yards,"  presented  as 
information     pase  157 

3.  Scales  used  in  railway  service,  collaborating  with  Committee  18. 

No  report  is  presented  by  this  subcommittee  this  year.  Study  is  continuing 
on   coupled-in-motion  weighing,  weighing  of  freight  cars — single  draft,  and 
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the  use  of  belt  conveyor  scales.  Scale  testing  was  conducted  at  the  TVA 
Plant  at  Bull  Run,  Tenn.,  and  further  tests  will  be  made  on  S-ft  and  20-ft 
scales  this  coming  year.  Subjects  such  as  the  standardization  of  form  in 
reporting  results  of  track  scale  tests  and  movement  of  test  weight  cars  on 
the  railroads  are  being  considered. 

4.  Facilities    for    repairing    and    servicing    trailers    used    in    trailer-on-flat-car 
operations. 

Final  report,  presented  as  information    page  162 

5.  Factors  to  be  considered  in  the  design  of  industrial  park. 

Final  report,  presented  as  information    page  163 

6.  Factors  to  be  considered  in  determining  the  relative  merits  of  various  types 
of  yards. 

Final  report,  presented  as  information    page  164 

The  Committee  on  Yards  and  Terminals, 

H.  J.  McNally,  Chairman. 


AREA  Bulletin   602,  November   1966. 


jfttb  €.  ^ujfterman 

(1902=1966) 

Fred  E.  Austerman,  a  member  of  Committee  14  since  1947  and  chief  engineer  of  the 
Chicago  Union  Station  Company,  died  on  August  18th,  1966,  at  Chicago. 

He  was  born  on  March  8,  1902  at  Milwaukee,  Wis.,  and  received  his  higher  educa- 
tion at  Milwaukee  State  College  and  the  University  of  Wisconsin. 

He  was  employed  by  the  Chicago,  Milwaukee,  St.  Paul  &  Pacific  Railroad  in  various 
engineering  capacities  from  1926  until  1949  when  he  joined  the  engineering  staff  of  the 
Chicago  Union  Station  Company  as  assistant  chief  engineer.  He  was  promoted  to  chief 
engineer  of  that  company  in  1959,  and  held  that  position  until  his  death. 

He  joined  the  American  Railway  Engineering  Association  in  1936,  and  was  active  in 
affairs  of  the  Association,  particularly  in  Committee  14.  He  was  a  past  president  of  the 
Maintenance  of  Way  Club  of  Chicago,  and  was  a  member  of  the  Roadmasters'  and 
Maintenance  of  Way  Association. 

Mr.  Austerman  will  be  missed  on  Committee  14  for  his  untiring  work  and  wise 
counsel.  He  will  be  long  remembered  by  his  associates  and  friends  for  his  devotion, 
loyalty  and  fine  personality. 
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Report  on  Assignment  2 

Classification  Yards 

Collaborating  with  Committee  16 

Jack  Sutton  (chairman,  subcommittee),  M.  H.  Aldrich,  F.  E.  Austerman,  R.  O.  Balsters, 
H.  R.  Beckmann,  A.  E.  Biermann,  J.  A.  Bingham,  W.  O.  Boessneck,  R.  E.  Bredberg, 
A.  L..  Carpenter,  J.  F.  Chandler,  H.  P.  Clapp,  J.  A.  Comeau,  V.  R.  Copp,  B.  E. 
Crumpler,  H.  M.  Dalziel,  A.  V.  Dasburg,  V.  F.  Demarais,  T.  R.  Dushel,  C.  M. 
Frasier,  M.  Garcia,  H.  R.  Hall,  D.  C.  Hastings,  F.  A.  Hess,  J.  E.  Hoving,  A.  S. 
Krefting,  C.  J.  Lapinski,  S.  N.  Maclsaac,  H.  J.  McNally,  B.  G.  Packard,  R.  H. 
Peak,  Jr.,  W.  H.  Pollard,  B.  H.  Price,  L.  J.  Riekenberg,  L.  W.  Robinson,  J.  F. 
Scheumack,  E.  B.  Sonnheim,  C.  E.  Stoecker,  T.  D.  Styles,  T.  W.  Toal,  A.  J. 
Trzeciak,  B.  H.  Voor.  Jr.,  Howard  Watts,  Jr.,  W.  A.  Wood,  P.  C.  White. 

RECENT  DEVELOPMENTS  IN  RETARDER  YARDS 

Your  committee  submits,  as  information,  the  following  report  on  recent  develop- 
ments in  retarder  yards,  with  the  recommendation  that  the  subject  be  discontinued. 

In  recent  years  refinements  have  been  made  in  the  design  factors  and  control  equip- 
ment used  in  large  retarder  yards  in  an  effort  to  produce  more  efficient  operation,  to 
compensate  for  the  changes  in  the  free-rolling  characteristics  of  freight  cars  and  to  take 
advantage  of  technical  advances.  The  use  of  retarders  has  become  more  widespread  and 
small  switching  yards  are  now  being  equipped  with  retarder  systems.  In  the  large  yards 
the  trend  is  towards  more  sophisticated  control  while  in  the  small  yards  control  systems 
tend  to  be  very  simple.  In  small  yards  the  production  rate  may  be  relatively  low  so 
that  there  is  no  need  for  a  fast  humping  rate,  and  more  trimming  can  be  tolerated. 
Thus,    there   is  rarely   need   or  economic  justification   for   an   elaborate   control   system. 

In  this  report  we  shall  review  the  special  features  of  the  new,  large  retarder  yards, 
the  features  of  the  small  low-cost  retarder  yards  and  the  changes  being  made  to  older 
gravity  yards. 

NEW  LARGE  RETARDER  YARDS 

1.  Gradients 

In  some  recent  yards  the  gradient  immediately  following  the  crest  of  the  hump 
has  been  increased  and  adverse  gradients  have  been  introduced  following  the  clearance 
points.  These  gradients  permit  higher  humping  rates  as  the  cars  roll  faster  in  the  critical 
area  between  the  crest  and  clearance.  The  extra  speed  is  particularly  desirable  on  leaving 
the  group  retarders  and  in  negotiating  the  group  switches  where  "catchups"  are  liable 
to  cause  cornering  and  misrouting.  The  surplus  speed  of  cars  is  dissipated  on  the  adverse 
gradients.  The  gradient  on  each  track  may  vary  when  curve  compensation  is  allowed. 

Body  track  gradients  have  been  reduced  from  0.22  to  0.08  percent  in  the  last 
decade.  The  gradient  here  is  intended  to  be  non-accelerating  for  all  cars.  More  cars  have 
very  low  rolling  resistance  today,  due  to  the  use  of  journal  lubricating  pads  and  the 
great  number  of  roller  bearing  cars  in  service. 

2.  Retarders 

The  rating  of  retarders  has  increased,  making  it  possible  to  take  more  energy  from 
cars  in  a  shorter  retarder  length.  The  introduction  of  heavier  cars  and  the  use  of  larger 
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diameter  wheels  on  heavy  cars  has  made  more  retardation  desirable.  (See  Exhibit  1, 
"Effect  of  Wheel  Diameter  and  Gross  Weight  on  Retardation").  The  decreased 
rolling  resistance  of  easy-rolling  cars  on  tangent  track  has  also  made  it  desirable  to  pro- 
vide more  retardation.  In  1963  the  suggested  minimum  value  of  rolling  resistance  on 
tangent  track  in  the  area  between  the  crest  and  the  group  retarder  was  reduced  from 
0.3  to  O.IS  percent.  (See  AREA  Manual,  Chapter  14,  page  14-3-12). 

Inert  or  operated  retarders  are  being  installed  at  the  leaving  ends  of  the  body  tracks 
to  prevent  cars  running  out  to  foul  the  leads.  Weight  proportional  and  hydraulic  retard- 
ers are  relatively  new  products  which  are  being  used  in  increasing  numbers. 

3.  Control  Systems 

Automatic  switching  has  advanced  to  the  point  where  one  retarder  operator  is  able 
to  handle  a  single  hump  lead  with  any  practical  number  of  tracks.  Solid-state  circuitry 
has  been  introdued   to   increase   reliability  and  reduce  maintenance. 

Fully  and  semi-automatic  retarder  control  systems  relieve  the  retarder  operator  of 
the  need  to  judge  car  rollability  and  velocity,  thereby  producing  more  accurate  and 
uniform  control  of  coupling  speeds.  The  "distance  to  go"  feature  employed  in  recent 
installations  has  removed  human  error  in  adjusting  group-retarder  exit  speeds. 

4.  Track  Curvature  and  Length 

The  wide  range  of  curved-track  rolling  resistance  of  freight  cars  has  increased  with 
the  introduction  of  longer  cars.  In  some  new  yards  emphasis  has  been  placed  on  avoiding 
sharp  curves.  The  maximum  curvature  is  often  14  deg.  Automatic  rail-surface  lubrication 
devices  have  proved  effective  in  reducing  the  range  of  curved-track  rolling  resistance  in 
some  yards.  The  resulting  film  of  oil  on  the  rail  permits  wheel  slippage  and  reduces  the 
tendency  for  trucks  to  become  misaligned  with  respect  to  the  track. 

Some  railroads  limit  body-track  length  to  take  advantage  of  automatic  control 
which  becomes  less  effective  when  distance  to  coupling  is  great.  A  body-track  length 
accommodating  about  60  cars  of  SO-ft  length  appears  to  be  a  desirable  maximum.  Receiv- 
ing and  departure  yards  are  being  built  with  longer  tracks.  Train  length  appears  still 
to  be  increasing,  mainly  due  to  the  use  of  longer  cars. 

5.  Track  Circuits 

The  increased  use  of  longer  cars  had  made  review  of  track  circuits  necessary.  Pres- 
ence detectors  are  being  used  with  short  track  circuits,  as  long  cars  will  span  short  track 
circuits  resulting  in  misrouting  of  cars.  Lengthening  of  the  track  circuits  in  the  group 
switches  is  undesirable  as  a  reduction  of  humping  rate  would  result. 

6.  Scales 

The  installation  of  fast-response,  dynamic-weighing  scales  between  the  crest  and 
the  master  retarder  has  permitted  weighing  during  the  humping  operation  without 
reduction  of  the  humping  rate. 

7.  Computers 

In  the  past,  analog  computers  have  been  used  in  fully  automatic  yards  for  the 
retarder  and  switching  control  systems.  Recently  the  use  of  digital  computers  has  been 
proposed  and  plans  have  been  made  to  install  these  in  at  least  two  yards.  The  digital 
computer  will  provide  the  same  service  as  the  analog  computer  plus  the  following: 
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(a)  Provide  better  disciplined  information  storage  and  a  more  rapid  retrieval 
faciiit>'.  Specificall\-,  this  means  the  ability  to  determine  particular  car  loca- 
tion within  yard  limits  and  to  know  accurately  track  occupancy  conditions 
by  individual  track  or  by  entire  yard. 

(b)  Provide  diagnostic  information  for  both  performance  evaluation  and  measure- 
ment of  future  procedural  improvements. 

In  addition,  the  digital  computer  provides  greater  flexibility  in  that  it  will  handle 
more  information  for  the  process  control  and  allow  expansion. 

LOW-COST   RETARDER   YARDS 

Switching  yards  having  as  few  as  8  classification  tracks  and  handling  as  few  as  300 
cars  per  day  are  being  equipped  with  simple  retarder  systems.  Often  no  attempt  is  made 
to  measure  rolling  resistance  of  the  cars  nor  to  predict  the  cars'  free-rolling  performance. 

In  most  installations  the  retarder  operator  is  able  to  select  a  retarder  exit  speed. 
The  operator  is  required  to  observe  the  hump-list  information,  the  performance  of  the 
car  as  it  leaves  the  crest,  and  the  conditions  on  the  designated  body  track  in  order  to 
judge  the  exit  speed  required.  The  humping  rate  is  Hkely  to  be  relatively  low  and  the 
likelihood  of  cars  stopping  short  of  coupling  may  be  high. 

One  yard  uses  a  "stop  and  go"  principle.  In  this  concept,  a  retarder  is  installed  on 
each  track  and  the  hump  height  is  quite  low.  As  a  car  rolls  from  the  crest,  it  stops  in 
the  retarder.  A  hard-rolling  car,  having  a  low  velocity,  will  stop  a  short  way  into  the 
retarder,  while  an  easy  rolling  car  will  have  sufficient  velocity  to  travel  further  into  the 
retarder  before  stopping.  Each  car  is  released  immediately  after  it  stops.  Since  the 
retarders  are  on  a  fairly  steep  gradient,  the  velocity  head  available  to  the  car  is  propor- 
tional to  its  distance  from  the  exit  end  of  the  retarder.  Thus,  upon  release,  the  hard- 
rolUng  car  will  have  a  greater  velocity  head  than  the  easy-rolling  car.  The  velocity  head 
is  then  of  the  right  order  to  enable  each  car  to  roll  into  the  classification  tracks  at  an 
acceptable  speed.  The  humping  rate  is  necessarily  low  in  this  type  of  yard  and  the  like- 
lihood of  stalling  is  high,  especially  in  inclement  weather. 

Route  selection  is  usually  provided  in  medium-size  yards.  In  small  yards  control 
of  switches  is  simplified  and  generally  the  retarder  operator  has  to  line  each  switch 
individually,  using  a  remote-control  panel.  A  lever  is  provided  for  each  switch.  Presence 
detectors  are  usually  installed  for  switch  protection. 

The  features  of  these  yards  can  be  summarized  as  follows: 

1.  A  small  number  of  classification  tracks. 

2.  No   rolHng-resistance   measurement. 

3.  The  hump  height  is  low. 

4.  The  number  of  retarders  is  kept  to  a  minimum  and  exit  speed  selection  pro- 
vided, or  a  retarder  is  provided  for  each  track  and  cars  released  after  stopping 
in  the  retarders. 

5.  A  simple  switching  system  is  generally  provided,  using  remote  manual  control. 

Examples  of  recent  installations  are  shown  in  Exhibits  2  and  3.  Those  in  Exhibit  3 
are  medium-size  yards  and  tend  to  have  more  sophisticated  systems  than  the  smaller 
yards  listed  in  Exhibit  2. 

The  object  of  mechanizing  this  type  of  yard  is  to  reduce  the  capital  cost  by 
omitting  expensive  control  systems.  The  result  is  that  production  rates  are  low  compared 
with  automatic  yards  but  adequate  and  economical  when  compared  with  flat  yards. 
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At  some  locations  it  is  possible  that  the  economics  of  weighing  uncoupled-in-motion 
while  classifying  cars  by  gravity  would  justify  a  small  retarder  yard.  Thus,  some  rail- 
roads are  contemplating  low-cost  retarder  yards  equipped  with  dynamic-weighing  scales. 
Other  functions  such  as  car  cleaning  may  affect  the  economics  when  considering  a  low- 
cost  yard. 

UPDATING  YARDS 

Many  railroads  have  made  changes  in  rider-hump  yards  and  manual  retarder  yards. 
These  changes  have  included  installation  of  retarders,  automatic  or  semi-automatic 
retarder  control  systems,  automatic  switching  and  presence  detectors  and  revision  of 
track  curvature,  length  and  gradients. 

The  most  common  fault  of  the  older  yards  is  that  the  body  track  gradients  are  too 
steep,  causing  over-speed  coupling.  This  has  proved  to  be  a  most  difficult  fault  to 
correct. 

The  introduction  of  heavier  cars  had  made  it  necessary  to  add  retardation  to  even 
the  more  recent  yards.  This  has  been  done  by  increasing  air-cylinder  sizes  and  pressures, 
substituting  stronger  retarder  springs  and  installing  more  effective  brake  shoes  on 
the  retarders. 

In  some  cases  weigh-rail  systems  have  been  revised  to  detect  super-heavy  cars  in 
addition  to  light,  medium,  and  heavy  so  that  full  retardation  can  be  applied  to  the 
super-heavy  cars  in  the  master  retarder. 

The  object  of  the  upgrading  is  usually  to  reduce  damage  to  cars  and  lading,  increase 
production   rates  and  effect  more   economical  operations. 

EXHIBIT   1— EFFECT  OF  WHEEL  DIAMETER  AND  GROSS  WEIGHT 
ON  RETARDATION 

Manual  Chapter  14,  page  14-3-10,  states  that  retarder  yards  are  generally  designed 
to  handle  cars  of  100  tons  gross  weight  on  4  axles  with  33-in-diameter  wheels. 

Changes   in   wheel  diameter   modify   the   lever  arms   on   which   the   forces  act   that 

produce  retardation.  The  effective  retardation  is  a  function  of  where  r  is  the  radius 

r 

of  the  wheel  tread.  If  33-in  wheels  are  taken  as  the  standard,  then  the  retardation  factor 
may  be  tabulated  for  various  wheel  sizes,  as  follows: 


Wheel  Diameter,  Inches 

Percent  of  Standard 

Retardation  for 

S3-In  Wheels 

28                                             -._,__    

108.56 

33                                                        -  -     

100.00 

36                                                               -                          -   

95.73 

38-           

93.18 

40                                   -    

90.83 

Yards  designed  to  use  retarders  that  apply  pressure  to  the  car  wheels  which  is 
independent  of  car  weight  will  provide  a  retardation  factor  that  is  inversely  propor- 
tional to  this  weight.  For  example,  a  car  of  125  tons  gross  weight  on  4  axles  with  33-in 
wheels  will  receive  80  percent  of  the  retardation  of  the  100-ton-gross-weight  car. 
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EXHIBIT  2— EXAMPLES  OF  RECENT  SMALL  LOW-COST  RETARDER  YARDS 


Railroad 

Yard  Name 

Location 

Cars  Handled  per  Day 

No.  of  Classification  Tracks. 

No.  of  Tracks  per  Group 

No.  of  Group  Retarilers* 

No.  of  Master  Retarders* 

Height  of  Hump — Feet 

Retarder  Control  Systems 

Type  of  Retarders 

Type  of  Switch  Machines 

Switching  Control 

.Switch  Protection 

Body  Track  Grade — Percent 


SP 

Richmond 

Richmond,  Calif. 

Up  to  450 

8 

1 

8 

None 

5 

Stop  and  Go 

Hydraulic 

Hydraulic 

Remote,  manual 

Presence  detectors 

0.10 


P  R  R 

Grandview 

Columbus,  Ohio 

500 

9 

3 

3 

1  (4  units) 

12 

3  exit  speeds  2 

Wt.  proportional 

Hydraulic 

Remote,  manual 

Detector  track  circuit 

0.12 


N  P 

Missoula 

Missoula,  Mont. 

300  approx. 

9 

9 

1  (2  units) 

1  (3  units) 

1 1 .39 

Exit  speeds' 

Wt.  proportional 

Electric 

Route  selection 

Presence  detectors 

0.12 


'Rolling  resistance  is  measured  and  visual  indication  provided.  Exit  speeds  are  modified  by  simple 
"distance  to  coupling"  feature. 

2Car  speeds  are  determined  from  vibrations  as  cars  move  over  a  notched  rail. 

3  Retarder  units  are  designed  to  fit  39-ft  rail  lengths.  Effective  retarder  length  is  less  than  39  ft  . 
Controls  on  weight  proportional  retarders  are  hydraulic. 


EXHIBIT   3— EXAMPLES   OF   RECENT   MEDIUM-SIZE,   LOW-COST 
RETARDER  YARDS 


Railroad 

Yard  Name 

Location 

Cars  Handled  per  Day 

No.  of  Classification  Tracks- 

No.  of  Tracks  per  Group 

No.  of  Group  Retarders* 

No.  of  Master  Retarders* 

Height  of  Hump — Feet 

Retarder  Control  System 

Type  of  Retarders 

Type  of  Switch  Machines 

Switching  Control 

.Switch  Protection 

Body  Track  Grade — Percent 


P  R  R 

59th  St. 

Chicago 

1200-1400 

42 

7  (.\verage) 

6 

2  (4  units  each) 
13.7 

3  exit  speeds 
Wt.  proportional 
Hydraulic 
Route  selection 
Presence  detectors 
0.12 


P  R  R 

Pavonia 

Camden, 

700 

32 


N.  .1. 


1  (4  units) 

11.75 

Timing  system ' 

Wt.  proportional 

Hydraulic 

Route  selection 

Presence  detectors 

0.12 


CP 

North 

Winnipeg,  Man. 
1200 
18 

4.5  (.\verage) 
4 

None 
(1 

t)  exit  speeds- 
Hydraulic 
Electric 

Remote,  manual 
None 
Level 


'The  timing  system  is  designed  to  adjust  retardation  at  group  retarders  in  accordance  with  rollability. 
Four  exit-speed  selections  provided  for  master  retarder. 

-Car  speeds  are  determined  from  vibrations  as  cars  move  over  a  notched  rail. 

*  Retarder  units  are  designed  to  fit  39-ft  rail  lengths.  Effective  retarder  length  is  less  than  39  ft  per 
unit.     Controls  on  weight  proportional  retarders  are  hydraulic. 
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Report  on  Assignment  4 


Facilities  for  Repairing  and  Servicing  Trailers 
Used  in  Trailer-on-Flat-Car  Operation 

R.  O.  Balsters  (chairman,  subcommittee),  F.  E.  Austerman,  R.  F.  Beck,  H.  R.  Beck- 
mann,  A.  E.  Biermann,  Willard  Binzen,  W.  O.  Boessneck,  G.  H.  Chabot,  M.  K. 
Clark,  V.  R.  Copp,  G.  H.  Dayett,  Jr.,  V.  F.  Demarais,  T.  R.  Dushel,  Manuel 
Garcia,  W.  H.  Giles,  W.  H  Goold,  H.  R.  Hall,  Wm.  J.  Hedley,  F.  A.  Hess,  C.  F. 
Intlekofer,  A.  S.  Krefting,  B.  Laubenfels,  E.  T.  Lucey,  G.  W.  Mahn,  Jr.,  Alexander 
Matthews,  Jr.,  H.  J.  McNally,  H.  L.  Pepper,  Jr.,  W.  H.  Pollard,  B.  H.  Price, 
L.  W.  Robinson,  E.  B.  Sonnheim,  C.  E.  Stoecker,  T.  D.  Styles,  J.  J.  Tibbits,  A.  J. 
Trzeciak,  B.  H.  Voor,  Jr.,  P.  C.  White,  C.  E.  Zeman. 

Your  committee  submits  the  following  information  report  pertaining  to  additional 
facilities  for  repairing  and  servicing  the  increasing  number  of  trailers  used,  with  the 
recommendation  that  the  subject  be  discontinued. 

Facilities  should  be  provided  for  the  servicing  of  trailers  both  on  and  off  flat  cars. 
For  trailers  on  fiat  cars  in  the  loading  ramp  area  a  platform  of  sufficient  width  to 
accommodate  service  stanchions  may  be  placed  between  trailer  on  flat  car  (TOFC) 
tracks  with  clearance  in  accordance  with  respective  state  laws.  Service  stanchions  may 
be  placed  approximately  40  ft  apart  to  provide  service  to  trailers  on  flat  cars.  Each 
stanchion  may  provide  two  banks  of  waterproof  lights,  weatherproof  switches,  fuel-oil 
hose  cradle,  weatherproof  double  convenience  outlet,  double  air  outlet  with  quick- 
connector  fittings  and  valve,  and  hangers  under  platform  for  fuel-oil  supply  hne  and 
air-supply  line.  A  roadway  may  be  desirable  to  facilitate  repairs  to  trailers  and  flat  cars 
located  adjacent  to  circus-type-loading  facilities. 

Before  trailers  are  loaded  on  flat  cars,  they  may  be  pre-tripped  (serviced  and  fueled) 
and  also  cleaned  with  a  pressure  washer  at  a  centrally  located  paved  wash  pad  of 
sufficient  size  to  accommodate  cleaning.  The  pad  should  also  be  readily  accessible  to  the 
TOFC  tracks.  Drainage  and  waste-water  treatment  should  be  provided  in  accordance 
with  prevailing  regulations. 

A  building  may  be  provided  for  pre-tripping  at  a  central  location,  thereby 
eliminating  movement  of  refrigerator  trailers  to  a  separate  shop  for  pre-tripping  and 
repairs  and  returning  them  to  the  TOFC  area.  Pre-tripping  done  in  a  terminal  and/or 
a  central  yard  will  reduce  loss  of  time  in  delivering  pre-tripped  trailers  to  local  yards. 

The  pre-tripping  building  should  be  of  sufficient  size  to  include  repair  lanes  with 
floor  drains  and  a  wash  lane  with  trench  drain  to  sewer,  a  grease  trap,  and  hot  water 
connections.  A  locker  room,  wash  room  and  a  parts  department  should  be  included. 

An  extension  of  the  pre-tripping  building  could  provide  a  garage  which  would  per- 
mit making  repairs  to  a  larger  number  of  trailers,  thereby  shortening  the  length  of  time 
for  completion  of  repairs. 

Sufficient  parking  space  to  handle  trailers  to  be  stored,  either  before  or  after  pre- 
tripping,  should  be  furnished.  The  minimum  size  of  the  stall  or  space  allowed  for  park- 
ing one  trailer  is  10  ft  wide  and  40  ft  long.  A  driveway  SO  ft  in  width  should  be  fur- 
nished in  front  of  the  parking  stalls  to  allow  turning  and  parking  of  trailers.  A  concrete 
pad  of  sufficient  width  should  be  furnished  for  the  dolly  wheels  to  be  placed  upon  when 
the  trailer  is  parked.  The  balance  of  the  paving  in  parking  lot  and  road  area  may  be 
either  crushed  rock,  asphaltic  surface,  reinforced  concrete  or  other  suitable  material. 
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A  check-point  building  with  paved  lanes  on  each  side  may  be  placed  at  a  focal 
point  of  entrance  and  exit  from  the  primary  portion  of  the  TOFC  yard.  Communica- 
tions and  tube  line  may  be  provided  between  the  check-point  building  and  the  TOFC 
office.  A  platform  on  top  of  the  check-point  building  would  faciHtate  the  checking  of 
the  trailer  tops.  All  trailers  in  and  out  of  the  TOFC  yard  would  be  checked  at  this 
point.  A  scale  may  be  desirable  at  the  check  point. 

The  proper  utilization  of  available  space  in  Iccating  the  trailer  service  area,  parking 
area  and  check-point  building  will  help  provide  an  efficient  TOFC  operation. 


Report  on  Assignment  5 

Factors   to    Be    Considered   in   the    Design   of 
Industrial  Parks 

J.  F.  Chandler  (chairman,  subcommittee),  M.  H.  Aldrich,  R.  N.  Armstrong,  F.  E. 
.\usterman,  R.  O.  Balsters,  R.  F.  Beck,  H.  R.  Beckmann,  A.  E.  Biermann,  J.  A. 
Bingham,  A.  L.  Carpenter,  H.  P.  Clapp,  E.  H.  Cook,  VV.  E.  Corbet,  B.  E.  Crumpler, 
H.  M.  Dalziel,  A.  V.  Dasburg,  V.  F.  Dcmarais,  C.  M.  Frazier,  W.  H.  Giles,  VV.  H. 
Goold,  D.  C.  Hastings,  Wm.  J.  Hedlev,  C.  J.  Lapinski,  B.  Laubenfels,  E.  T.  Lucev, 
A.  Matthews.  Jr.,  H.  J.  McNally,  B.  G.  Packard,  R.  H.  Peak,  Jr.,  H.  L.  Pepper, 
Jr.,  L.  J.  Riekenberg,  L.  W.  Robinson,  J.  F.  Scheumack,  E.  B.  Sonnheim,  C.  E. 
Stoecker,  T.  DeW.  Styles,  J.  Sutton,  J.  J.  Tibbits,  L.  G.  Tieman,  T.  W.  Toal, 
\.  J.  Trzeciak,  B.  H.  Voor,  Jr.,  C.  E.  Zeman. 

Your  committee  submits  the  following  information  report,  with  the  recommendation 
that  the  subject  be  discontinued. 

The  information  presented  is  for  the  guidance  of  engineers  in  the  design  of  industrial 
parks  which  are  served  by  railroads  and  is  not  intended  in  any  way  to  supersede  the 
requirements  of  a  local  planning  commission  having  jurisdiction  over  the  area.  The 
engineer  should  check  with  the  local  authorities  in  regard  to  their  requirements  for  the 
design  of  streets  and  utilities. 

The  area  to  be  selected  for  industrial  development  must  be  on  land  conducive  to 
improvement  with  good  access  to  railroads  and  major  highways.  If  the  park  is  to  be 
attractive  to  industry  and  efficient  utilization  of  the  land  is  to  be  achieved,  careful 
thought  must  be  given  to  the  problems  to  be  encountered  in  the  fully  developed  park. 

The  site  sizes  are  generally  determined  by  the  local  area  trend  and,  in  the  majority 
of  cases,  the  depth  may  vary  from  300  to  800  ft  where  the  track  will  be  at  the  rear 
of  the  structure  and  parallel  to  the  frontage  street.  Where  the  tracks  will  be  perpen- 
dicular to  the  street,  along  the  side  of  the  structure,  the  site  depth  must  be  increased  to 
allow  for  the  lead  curve.  The  development  plat  to  be  recorded  should  indicate  100-ft- 
wide  lots  which  would  be  sold  in  multiples  to  simplify  recording.  Rectangular  sites 
are  preferred,  but  the  main  lead  may  be  located  so  that  it  diverges  from  the  bearing 
of  the  frontage  road  by  the  frog  angle  of  the  turnouts  used,  thus  allowing  the  spurs 
to  be  parallel  to  the  road  and  structures  while  providing  varying  depth  of  the  lots. 

Lap  turnouts  may  be  utilized  on  the  lead  track  for  the  industry  spurs  in  order  to 
conserve  area.  This  is  especially  recommended  for  use  where  land  values  are  high. 
Curvature  of  the  industry  spur  should  net  e.xceed  14  deg.  It  is  recommended  that  the 
spur  gradient  not  exceed  3  percent  and  that  the  vertical  curve  rate  of  change  not  exceed 
a  ratio  of  5. 
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It  is  recommended  that  a  minimum  of  60  ft  of  right-of-way  should  be  set  aside 
for  the  streets  which  are  to  be  improved  with  paving,  curb  and  gutter.  The  distance 
between  the  curbs  should  be  a  minimum  of  40  ft  with  the  provision  that  off-street 
parking  will  be  provided  on  each  site.  The  recommended  gradient  of  all  streets  should 
not  exceed  5  percent. 

A  complete  topographic  survey,  including  soil-test  data,  should  be  provided  of  the 
entire  area.  This  will  be  used  in  the  design  and  is  a  must  for  prospective  purchasers. 
All  of  the  park  should  be  cleared  of  vegetation  and  debris  to  enhance  the  appearance 
and  allow  access  to  the  land.  A  minimum  amount  of  grading  should  be  performed  in 
order  to  provide  adequate  surface  drainage.  Water,  power  and  sewers  should  be  con- 
nected to  the  municipal  utilities  or  to  on-site  facilities,  provided  by  the  developer. 
If  construction  regulations  have  not  been  established  by  local  ordinances,  they  should 
be  stipulated  prior  to  the  sale  and  would  cover  such  items  as  setback,  ratio  of  structure 
to  land,  beautification,  outside  storage,  signs,  type  of  allowable  industries  and  other 
related  factors. 


Report  on  Assignment  6 

Factors  to  Be  Considered  in  Determining  the  Relative 
Merits  of  Various  Types  of  Yards 

B.  E.  Buterbaugh  (chairman,  subcommittee),  M.  H.  Aldrich,  R.  N.  Arrington,  F.  E. 
Austerman,  R.  F.  Beck,  A.  E.  Biermann,  R.  E.  Bredberg,  J.  F.  Chandler,  H.  P. 
Clapp,  M.  K.  Clark,  E.  H.  Cook,  B.  E.  Crumpler,  A.  V.  Dasburg,  T.  R.  Dushel, 
C.  M.  Frazier,  M.  Garcia,  W.  H.  Giles,  W.  H.  Goold,  H.  R.  Hall,  Wm.  J.  Hedley. 
J.  E.  Hoving,  A.  S.  Krefting,  B.  Laubenfels,  E.  T.  Lucey,  S.  N.  Maclsaac,  G.  W. 
Mahn,  Jr.,  A.  Matthews,  Jr.,  H.  J.  McNally,  R.  H.  Peak,  Jr.,  B.  H.  Price,  L.  J. 
Riekenberg,  J.  F.  Scheumack,  C.  E.  Stoecker,  J.  G.  Sutherland,  J.  Sutton,  L.  G. 
Tieman,  T.  W.  Toal,  P.  C.  White,  C.  E.  Zeman. 

Your  committee  submits  the  following  report  as  information  with  the  recommenda- 
tion  that  the  subject  be  discontinued. 

Railroad  freight  yards  serve  to  receive,  classify  and  dispatch  trains.  To  select  a  yard 
to   provide  this   service,  consideration  should  be  given  to: 

1.  Character  of  Traffic: 

Consideration  must  be  given  to  provide  a  facility  to  accommodate  trains  originating 
or  terminating  and  the  interchange  of  the  portions  of  trains  that  are  to  continue  enroute. 
Also,  the  various  commodities  handled,  if  of  sizeable  volume,  must  each  have  adequate 
facilities,  such  as  the  following: 

(a)  Perishables    which    must    move    readily — facilities    for    heat    or    refrigeration, 
holding  yards. 

(b)  Granular  bulks — facilities  for  loading  or  unloading,  storage  and/or  transfer. 

(c)  Petroleum — concentrating  and  storage  yards  at  points  of  origin  and  destina- 
tion as  well  as  unloading  facilities. 

(d)  Livestock — special  facilities  at  origin,  destination  and  intermediate  points  for 
food,  water  and  rest. 
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(e)  General  freight. 

(f)  Trailers  on  flat  cars  and  automobiles — facilities  for  loading,  unloading  and 
storage  must  be  considered. 

Distances  to  industrial  areas  and  good  roadways  for  accessibility  are  of  prime 
importance  in  selection. 

2.  Volume  of  Traffic: 

Traffic  volume  should  be  considered  as  the  daily  average  number  of  cars  handled, 
single  count,  during  an  extended  period.  Where  a  new  yard,  or  the  reconstruction  of  an 
existing  yard,  is  contemplated,  a  check  should  be  made  of  the  record  of  cars  handled, 
taking  into  account  the  possibility  of  transferring  switching  from  other  yards. 

Determination  of  the  principle  type  of  traffic  permits  selection  of  the  main  type 
of  yard  to  provide  the  prime  function  of  the  yard. 

(a)  Gravity  yards  may  be  practical  for  a  volume  in  excess  of  300  cars  daily,  or  a 
classification  rate  of  25  cars  per  hour.  Smaller  yards  may  become  economical 
with  excess  of  300  car  volume. 

(1)  Gravity  yards  with  car  riders  are  almost  obsolete;  however,  a  rate  of  60 
to  120  cars  per  hour  could  be  realized  when  the  high  labor  costs  were 
tolerated. 

(2)  Semi-automatically  operated  gravity  yards  may  obtain  handling  rates  of 
100  to  150  cars  per  hour. 

(3)  Automatically  operated  gravity  yards  may  obtain  a  handling  rate  of  200 
cars  per  hour. 

(b)  Flat  yards  are  considered  economical  when  special  handling  of  cars  is  required 
and  volume  does  not  exceed  that  which  may  be  classified  by  one  switch  engine 
per  shift. 

There  is  a  purpose  for  each  type  of  classification  yard  depending  upon  the  volume 
and  character  of  traffic.  The  following  types  of  classification  yards,  with  relation  to 
various  volumes  of  traffic,  are  intended  only  as  a  general  guide.  The  number  of  cuts  and 
cars  per  cut  materially  affect  the  capacity  of  the  yard. 

.\.  VOLUME  UP  TO  500  CARS 

A  flat  yard  with  a  ladder  and  drill  track  at  each  end  is  adequate  regardless  of  the 
number  of  classifications  to  be  made  or  the  number  of  cars  per  separation  or  cut. 
Gra\'ity  yards  may  become  economical  for  a  volume  in  excess  of  300  cars  daily. 

B.  VOLUME  OF  500  TO  1000  CARS 

1.  A  flat  yard  with  ladder  and  drill  track  at  each  end  may  be  adequate,  if  the 
number  of  classifications  to  be  made  are  nearly  equal  to  the  number  of  tracks  in  the 
yard,  and  assuming  two  engines  per  shift  will  be  working,  one  at  each  end  of  the  yard, 
to  attain  the  maximum  capacity. 

2.  A  flat  yard  with  two  ladder  tracks  and  one  drill  track  at  each  end  may  be  needed 
where  the  number  of  classifications  exceed  that  which  can  be  switched  from  one  ladder. 
Two  engines  per  shift,  one  working  at  each  end  of  the  yard,  are  needed  to  attain  max- 
imum capacity. 

3.  A  single-hump  retarder  yard  may  be  preferable  for  the  handling  of  traffic  in  one 
or   both   directions  if   the   number  of  cars   per   separation   is  small  and   the   number  of 
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classifications  is  large.  One  engine  per  shift  may  be  ample  for  classifying  and  assembling 
cars.  This  arrangement  is  of  particular  advantage  at  a  location  where  there  is  inter- 
change with  other  railroads  or  where  industries  are  served,  because  trains  from  either 
direction  will  have  cars  which  should  be  assembled  for  delivery ;  also  transfers  will  have 
cars  moving  in  either  direction. 

C.  VOLUME  OF   1000  TO  2000  CARS 

1.  A  fiat  yard  with  a  ladder  and  drill  track  at  each  end  may  be  adequate — if  the 
number  of  classifications  to  be  made  is  nearly  equal  to  the  number  of  tracks  in  the  yard 
and  if  there  is  a  large  number  of  cars  per  separation.  For  maximum  capacity,  two 
engines  per  shift  are  needed. 

2.  A  flat  yard  with  two  ladder  and  drill  tracks  at  each  end  may  be  needed  where 
the  number  of  classifications  exceeds  that  which  couM  be  handled  as  outlined  in  the 
paragraph  above.  Four  engines  per  shift  may  be  needed  to  attain  maximum  capacity. 

3.  A  single-lead  hump  retarder  yard  may  be  needed  where  the  number  of  classifica- 
tions is  large  and  where  there  is  a  small  number  of  cars  per  separation.  One  engine  per 
shift  is  adequate  for  both  switching  and  assembling  when  the  volume  is  near  1000  cars, 
but  two  engines  per  shift  are  needed,  one  for  switching  and  one  for  assembling,  when 
the  volume  nears  ISOO  cars.  This  applies  whether  the  volume  represents  traffic  in  one 
direction   only   or   the  combined  traffic  in   both   directions. 

D.  VOLUME  EXCEEDING   2000  CARS 

1.  A  single-lead  hump  retarder  yard  is  preferable  for  this  volume  of  traffic.  At  least 
two  engines  per  shift  are  needed,  one  for  humping  and  one  for  assembling  cars.  How- 
ever, additional  engines  per  shift  may  be  needed  as  the  volume  increases.  Maximum 
capacity  is  attained  by  using  two  engines  for  humping  and  two  or  more  engines  for 
assembling.  This  applies  whether  the  volume  represents  traffic  in  one  direction  only  or 
the  combined  traffic  in  both  directions.  If  trains  are  forwarded  directly  from  the  classi- 
fication yard,  extra  leads  and  running  tracks  are  needed  to  avoid  interference. 

2.  There  are  a  few  single-lead  hump  retarder  yards  which  were  designed  to,  and 
have,  handled  3500  to  4500  cars  in  24  hours.  Several  hand'e  an  average  of  3000  cars  in 
24  hours  for  extended  pericds.  When  the  volume  of  traffic  for  any  extended  period 
exceeds  an  average  of  3000  cars,  the  design  must  be  carefully  examined  for  ability  to 
remove  cars  from  classification  tracks.  Where  the  indicated  excess  over  that  which  a 
single-lead  hump  yard  can  handle  is  small,  the  excess  as  a  rule  cccurs  only  at  short 
intervals  during  peak  periods,  and  could  be  handled  by  providing  a  second  hump  lead 
or  by  fiat-switching  cars  in  a  supplementary  flat  yard.  A  small  auxiliary  flat  yard,  such 
as  previously  described  under  Sections  A  or  B  of  this  report,  may  be  considered 
advisable. 

3.  When,  for  extended  periods,  the  volume  of  traffic  handled  appreciably  exceeds 
that  which  can  be  handled  in  a  single-lead  hump  retarder  yard,  consideration  should 
be  given  to  providing  two  hump  leads  or  two  separate  hump  yards,  one  for  handling 
traffic  in  each  direction. 

OTHER  FACTORS 

Factors  to  be  evaluated  for  yards  for  optimum  service  and  minimum  expense 
(initial  construction  and  operating  costs,  including  maintenance)   may  include: 
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1.  Engine  assignments  6.  Storage 

2.  Receiving  trains  7.  Departure 

3.  Classification  8.  Interference 

4.  Weighing  9.  Application 

5.  Assembling 

Service  facilities  to   be  considered   in   developing  a   plan,  costs  and   utilization  arc: 

1.  Future  needs 

2.  Special  items  such  as  refrigeration,  stock  handling,  piggyback. 

3.  Equipment  servicing: 

(a)  Bad-order  tracks  holding 

(b)  Car  repair 

(c)  Car  inspection,  including  trainyard  servicing 

(d)  Locomotive  repair 

(e)  Locomotive  servicing 

(f)  Caboose  servicing 

(g)  Car  cleaning 

4.  Communication  and  signaling 

5.  Lighting 

6.  Offices,  and  wash  and  locker  rooms 

7.  Drainage 

In  considering  the  above  items  to  determine  the  type  of  yard,  each  terminal  will 
have  its  own  principal  function.  When  that  function  has  been  determined,  a  study  of 
cost  and  utilization  should  be  made.  The  study  most  probably  will  be  of  an  alternate- 
proposal  type,  the  advantages  and  disadvantages  of  all  uses  to  be  considered,  and  the 
most  serviceable  facihty  for  the  least  initial  expenditure  will  be  presented  to 
management. 

The  utilization  of  land  owned  or  available,  with  allowance  for  change  in  industry, 
growth  in  the  number  of  cars  handled  and  changes  in  type  of  traffic  and  movement 
need  to  be  given  attention  in  an  evaluation  report.  The  study  should  give  consideration 
to  the  following  items: 

1.  Faster  switching  is  often  required  to  expedite  the  movement  of  scheduled  trains, 
perishable  goods,  etc.,  thus  requiring  facilities  capable  of  handling  the  traffic 
within  a  minimum  period  of  time. 

2.  Arrivals  may  be  concentrated  within  one  or  two  shifts  and  thus  require  a  more 
rapid  rate  of  switching. 

3.  Interference,  which  cannot  be  avoided  by  the  design  of  the  facilities,  can  limit 
the  speed  of  operation  sufficiently  to  require  additional  capacity. 

4.  Relation  between  length  of  trains  and  receiving  or  departure  tracks  is  a  factor 
of  interference. 

5.  The  number  of  cars  that  can  be  brought  to  the  hump  at  one  time  affects  the 
capacity  of  a  hump. 

6.  Whether  trains  depart  from  the  classification  yard  or  from  a  separate  departure 
yard  affects  the  time  of  assembling  trains. 

7.  Tracks  for  handling  road  engines  to  and  from  their  trains. 

Emphasis  in  this  report  has  been  placed  on  the  classification  yard  because  classifica- 
tion is  the  more  critical  operation  as  related  to  cost  and  time  in  the  freight  yard.  The 
other  yard  facilities  are  presented  to  permit  consideration  of  the  complete  facility. 
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(E)  Members  Emeritus. 

Those  whose  names  are  shown  in  Ijoldfacf.  in  addition  lo  the  chairman,  vice  chairman  and 
secretary,  are  the  subcommittee  chairman,  and  those  designated  by  asterisks  constitute  the  Engineering 
Division,  AAR,   Committee  20. 

To   the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

Brief  progress  report,  presented  as  information    page  170 

2.  Form  of  agreement  to  cover  butt  welding  of  rail,  collaborating  with  Com- 
mittee 31. 

Final  report,  with  form  of  agreement  submitted  for  adoption  and  publica- 
tion  in   the   Manual    page  1 70 

3.  Form  of  agreement  for  handling  truck  trailers  and  containers  at  terminals. 

Brief  progres  report,  presented  as  information   page  171 

4.  Form  of  blanket  agreement  covering  utility  crossings. 

Progress  report,  presented  as  information    page  171 

5.  Form  of  license  for  entry  on   railway  company  property. 

Final  report  with  form  of  agreement  submitted  for  adoption  and  publication 

in  the  Manual    page  1 75 

6.  Form   of   agreement   to   cover  installation   of  vending  machines   on   railway 
property. 

Final  report   with   form  of  agreement  submitted  for  adoption  and  publica- 
tion in  the  Manual   page  1 75 

7.  Bibliography  on  subjects  pertaining  to  contract  forms. 

Progress  report,  presented  as  information    page  176 

8.  Form   of   agreement   to   cover   lease   of   railway   company   machinery,   tools 
and  materials  to  other  than  railway  companies. 

Final  report,  with   form  of  agreement  submitted  for  adoption  and  publica- 
tion  in   the   Manual    page  1 76 
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9.  Form  of  agreement  to  cover  experimental  demonstration  of  equipment  and 
materials  on  railway  company  property. 
Progress  report,   presented   as  information    page  177 


The  Committee  on  Contract  Forms, 

J.  L.  Perrier,  Chairman. 


AREA  Bulletin   602,  November   1966 


Report  on  Assignment  1 

Revision  of  Manual 

K.  J.  Silvey   (chairman,  subcommittee),  W.  F.  Burt,  J.  D.  Taylor,  E.  M.  Hastings,  Jr., 
D.  F.  Lyons,  H.  L.  Zouck. 

Your  committee  has  no  recommendations  to  make  at  this   time. 


Report  on  Assignment  2 

Form  of  Agreement  to  Cover  Butt  Welding  of  Rail 

Collaborating   with   Committee   31 

E.  A.   Graham   (chairman,  subcommittee),  J.  J.  Baffa,  J.   C.  Britt,  W.  F.  Burt,  J.  K. 
Christensen,   J.   T.   Evans,   D.   F.   Lyons,   C.   J.   Nelson,   K.   J.   Silvey,   C.  W.   Smith, 
J.  L.  Southard. 

The  original  assignment  was  to  develop  a  "Form  of  Agreement  to  Cover  Welding 
of  Rail"  and  the  report  of  this  committee  on  the  assignment  was  published  in  Bulletin 
595,  November  1965,  Vol.  67,  pages  148  to  152,  incl.,  with  the  usual  request  for  com- 
ments and  criticisms.  It  was  suggested  by  our  collaborators  and  others  that  the  title 
of  the  assignment  be  changed  to  read  "Form  of  Agreement  to  Cover  Butt  Welding 
of  Rail." 

Additional  revisions  to  be  made  are  as  follows: 

Art.  5,  hne  1:   Substitute  the  word  "will"  for  the  words  "agrees  to." 

Art.  7,  line   1:   "Substitute  the  words  "shall  be  welded  to"  for  the  words  "to  be  welded 
shall." 

Art.    7,    line    2,    substitute    the    words    "scheduled    for    welding"    for    the    words    "to    be 
welded." 

Art.   18:   Add  the  words  "or  change"  at  the  end  of  the  article. 

Your  committee  recommends  that  the  report,  with  the  above  revisions  be  accepted 
as  Manual  material  and  printed  in  Chapter  20,  Part   7. 
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Report  on  Assignment  3 

Form  of  Agreement  for  Handling  Truck  Trailers 
and  Containers  at  Terminals 

J.  D.  Tavlor  (chairman,  subcommittee),  J.  J.  Baffa,  J.  C.  Britt,  W.  F.  Burt,  J.  K. 
Christensen,  A.  B.  Costic,  J.  T.  Evans,  A.  P.  Fisii,  N.  L.  Grider,  F.  M.  Jones, 
D.  F.  Lyons,  C.  G.  Nelson,  C.  W.  Smith,  H.  L.  Zouck. 

The  subcommittee  has  prepared  a  preliminary  report  on  this  assignment  which  has 
been  circulated  among  the  membership  of  the  entire  committee  for  further  review  and 
discussion. 

This  assignn  :nt  will  be  continued. 


Report  on  Assignment  4 

Form  of  Blanket  Agreement  Covering  Utility  Crossing 

E.  M.  Hastings,  Jr.  (chairman,  subcommittee),  J.  J.  Baffa,  W.  F..  Burt,  J.  K.  Christen- 
sen, J.  T.  Evans,  A.  P.  Fish,  R.  C.  Heckel,  F.  M.  Jones,  C.  G.  Nelson,  D.  S.  Taylor. 

Your  committee  has  developed  a  tentative  form  of  agreement  on  this  assignment 
which  is  printed  below  as  information.  Your  comments  and  criticisms  are  invited. 
The  assignment  will  be  continued. 

FORM    OF    BLANKET  AGREEMENT   COVERING 
UTILITY  CROSSINGS 

THIS   AGREEMENT,  made  this    day  of    ,   19    .  .  . . , 

by   and   between    

a   corporation   duly   organized  and   operating  under   the  laws   of    ,  hereinafter 

called  the  Railway  Company,  and   

hereinafter   called   the   Utility    Company. 

WITNESSETH : 

Whereas,  the  Utihty  Company  has  heretofore  constructed,  and  now  maintains  and 
operates  lines  of  wires,  cables  and  fixtures,  over,  under  or  across  the  right-of-way, 
tracks,  property  and  facilities  of  the  Railway  Company  at  various  points  on  its 
system,  and 

Whereas,  the  Utility  Company  desires  in  the  future,  from  time  to  time,  to  con- 
struct, operate  and  maintain  additional  lines  of  wires  and  cables  over  the  right-of-way, 
tracks,   property  and  facilities  of  the   Railway   Company,  and 

Whereas,  the  parties  hereto  mutually  agree,  for  the  protection  of  the  property  and 
rights  of  both,  to  make  and  enter  into  an  agreement  with  respect  to  all  such  crossings 
as  heretofore  have  been   made,  and   may   hereafter  be  made  by   the  Utility   Company. 
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Now,  Therefore,  in  consideration  of  the  mutual  covenants  and  conditions  herein 
stipulated,  to  be  kept  by  the  parties  hereto,  it  is  agreed  as  follows: 

1.  Permit 

The  Railway  Company  licenses  and  permits  the  Utility  Company,  at  its  sole  risk, 
cost  and  expense,  to  continue  to  maintain  and  operate  the  said  lines,  over,  under  or 
across,  the  right-of-way,   tracks,  property  and  facilities  of  the  Railway  Company,  that 

existed  as  of  the   day  of   ,  19   ,  a  schedule  of  all  such 

crossings,  by  locations,  being  hereto  attached  and  marked  for  identification  "Exhibit  A," 
and  made  a  part  hereof;  and  to  construct,  operate  and  maintain  additional  crossings  at 
such  points  as  may  be  mutually  agreed  upon  in  the  future,  upon  the  terms  and  condi- 
tions of  this  agreement. 

2.  New  Construction 

Whenever  the  Utility  Company  desires  to  construct  crossings  at  new  locations,  the 
Utility  Company  shall  make  application  in  writing  and  submit  drawings,  showing  the 
plan,  elevation  and  method  of  the  proposed  new  construction  to  the  Chief  Engineer,  (or 
other  appropriate  officer  of  the  Railway  Company  having  jurisdiction)  and  the  new 
construction   shall   be   subject   to    the   consent   and  approval   of   the  Railway   Company. 

Such  drawings  shall  be  submitted   in    (show  number  of 

copies)  and  shall  show  the  exact  location  of  the  new  construction.  The  drawings,  so 
approved  and  identified   by   the  Railway   Company  and   the  Utility  Company  covering 

all   new   construction    erected   after    ,    19    ,   shall   constitute 

"Exhibit  B"  and  shall  be  attached  to  and  made  a  part  of  this  agreement,  just  the  same 
as  if  Hsted  herein. 

3.  Notice 

The  Utility  Company  shall  notify  the  Railway  Company  at  least   

in  advance  of  commencement  of  any  work  upon 

said  right-of-way  in  connection  with  construction,  maintenance,  repair  or  removal  of 
the  crossing  facilities.  In  case  of  emergency  requiring  immediate  action,  the  parties 
hereto  shall  cooperate  to  avoid  any  unnecessary  delay  in  the  performance  of  such  work. 

4.  Payment 

The  Utility   Company   will   pay   to   the   Railway   Company  for  the  privilege  herein 

granted,  a  fee  of  $ for  each  and  every  crossing  estabhshed  over  the 

right-of-way,   tracks,  property  and   facilities  of  Railway  Company. 

5.  Relocation 

The  Utihty  Company  will,  at  any  time,  and  from  time  to  time,  hereinafter,  as  may 
be  necessary,  at  its  sole  cost  and  expense,  change  the  location  or  construction  of  its 
crossings  to  permit  any  changes  in  the  grade  or  location  of  the  track  or  tracks,  telegraph 
or  telephone  lines  or  wires,  or  any  other  lines  or  structures  of  the  Railway  Company  as 
in  the  opinion  of  the  Chief  Engineer  are  necessary,  or  may  be  reasonably  required, 
within  30  days  after  written  request  from  said  Chief  Engineer  and  so  that  said  crossings 
will  at  all  times  comply  with  the  terms  and  conditions  of  this  agreement. 
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6.  Specifications 

The  Utility  Company  shall  at  its  sole  cost  and  expense  construct,  reconstruct  and 
maintain  its  lines  over,  under  or  across  the  right-of-way,  tracks,  property  and  facilities 
of  the  Railway  Company  in  accordance  with  the  latest  issue  of  the  National  Electrical 
Safety  Code,  any  revision  thereof,  the  provisions  of  applicable  statutes  and  orders,  rules 
or  regulations  of  any  competent  public  authority,  and  in  such  a  manner  as  not  to  inter- 
fere in  any  way  with  the  business  or  facilities  of  the  Railway  Company. 

7.  Alteration  Costs 

The  Utility  Company  will  bear  the  cost,  subject  to  the  provisions  of  Sec.  4  hereof, 
of  any  changes  or  alterations  which  the  construction  or  reconstruction  of  said  crossing 
may  necessitate  in  the  relocation  or  rearrangement  of  the  facilities  of  the  Railway  Com- 
pany. The  Railway  Company  may  at  its  election  have  a  representative  to  supervise 
such  portion  of  the  Utility  Company's  construction  or  reconstruction  as  may  be  per- 
formed upon  the  Railway  Company's  right-of-way.  Any  work  to  support  any  tracks  or 
structures  of  the  Railway  Company,  or  any  flagman  or  other  personnel  deemed  neces- 
sary by  the  Railway  Company  for  the  purpose  of  protecting  or  safeguarding  its  prop- 
erty, traffic,  patrons  or  employees,  while  such  crossing  is  being  constructed,  reconstructed 
or  removed  shall  be  furnished  by  the  Railway  Company  at  the  expense  of  the  Utility 
Company. 

8.  Indemnification 

The  Utility  Company  will  indemnify  and  save  harmless  the  Railway  Company  from 
and  against  any  and  all  loss  or  damage  to  property  of,  or  property  in  the  care  or 
custody  of  the  Railway  Company  and  from  and  against  all  loss,  damages,  costs,  charges 
or  expenses  on  account  of  any  injuries  accruing  to  themselves  or  their  employees,  and 
from  and  against  all  claims,  demands,  suits,  judgments  and  sums  of  money  accruing  to 
the  Utility  Company  or  to  any  other  party,  against  the  Railway  Company  for  loss  of 
life  or  injury  or  damage  to  persons  or  property,  which  may  be  caused  by  cluttering  or 
sagging  of  wires  or  falling  of  poles  or  otherwise,  either  to  person  or  estate,  and  arising 
by  reason  of,  or  in  connection  with  the  construction  or  maintenance  by  the  Utility 
Company,  or  presence,  of  any  of  its  wires,  cables,  poles,  conduits  or  other  appurtenances 
upon,  over  or  under  the  premises  of  the  Railway  Company:  PROVIDED,  however, 
that  nothing  herein  shall  be  construed  as  indemnifying  the  Railway  Company  against  its 
own  negligence  or  the  negligence  of  its  own  employees  when  such  negligence  is  the 
cause  of  such  loss,  damage,  injury  or  death;  and  PROVIDED,  further,  that  the  Railway 
Company  shall  promptly  notify  the  Utility  Company  of  any  claim,  demand,  suit,  or 
other  action  brought  against  it  or  them  and  wherein  the  Utility  Company  may  be  liable 
as  agreed  to  herein,  when  the  Utihty  Company  shall  have  the  right  to  settle  or  defend 
the  same  at  its  election. 

9.  Insurance 

The  Utility  Company  shall  carry,  at  all  times  while  this  agreement  is  in  effect, 
Public   Liability   Insurance   covering  bodily   injury   or  death   in   limits  of  not  less   than 

$ for  the  injury  or  death  of  each  person,  and  $ for  each 

accident;     and    Property     Damage     Liability     Insurance     in     limits     of     not     less     than 

$ for  each  accident,  and  a  total  aggregate  limit  of  $ for 

the  annual  poHcy  period. 

Itul.  602 
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10.  Termination 

The  Utility  Company  has  the  right  to  continue  to  erect  crossings  pursuant  to  the 

terms  of  this  agreement,  except  that  upon   days  written  notice  by  either 

party  of  its  intention  to  terminate  the  same,  and  stating  the  date  of  such  termination, 
no  additional  crossings  shall  be  made  by  the  Utility  Company  under  this  agreement.  It  is 
understood,  however,  that  the  crossings  which  shall  have  been  constructed  prior  to  such 
termination,  shall  thereafter  be  maintained  and  operated  in  accordance  with,  and  con- 
tinue to  be  subject  to  all  the  conditions  and  stipulations  contained  in  this  agreement. 

11.  Taxes 

The  Utility  Company  shall  promptly  pay  and  discharge  all  taxes,  assessments  and 
other  governmental  or  municipal  charges  upon  its  property  located  upon,  over,  under 
or  across  the  right-of-way  of  the  Railway  Company. 

12.  Existing  Agreements 

It  is  understood  and  agreed  by  and  between  the  parties  hereto,  that  for  the  further 

consideration   of  $ this  agreement  cancels  and  supersedes,  as  of  the  date 

hereof,  all  existing  agreements  listed  in  Exhibit  A. 

13.  Successors 

This  agreement  shall  inure  to  the  benefit  of  and  be  binding  upon,  the  respective 
successors  and  assigns  of  the  parties  hereto,  provided  that  the  Utility  Company  shall  not 
transfer,  assign  or  permit  the  use  of  the  permit  herein  granted  by  any  person  or  cor- 
poration without  the  consent  and  agreement,  in  writing,  of  the  Railway  Company 
being  first  obtained. 

14.  Removal 

If  at  any  time  the  Utility  Company  shall  discontinue  the  use  of  a  crossing  covered 
hereunder,  it  shall  so  notify  the  Railway  Company,  and  the  Utility  Company  shall,  at 
its  own  cost  and  expense,  promptly  remove  the  same  from  over  or  under  the  right-of- 
way,  tracks,  property  and  facilities,  and  restore  the  Railway  Company's  premises  to  the 
same  condition  they  were  in  prior  to  the  construction  of  such  crossing. 

15.  Rights 

The  Utility  Company,  for  itself,  its  successors  and  assigns,  by  entering  into  this 
agreement,  does  not  in  any  way  whatever,  waive  or  renounce  any  rights  it  or  they  may 
now  or  hereafter  have,  under  or  by  virtue  of  any  present  or  future  laws,  to  exercise 
the  power  of  Eminent  Domain,  or  any  other  legal  power  it  or  they  may  have,  to  acquire 
the  right  to  construct,  maintain  and  operate  lines  of  poles  and  wires  over,  under  and 
across  the  right-of-way  and  property  of  the  Railway  Company,  but  all  such  rights  are 
reserved  by  the  said  Utility  Company  in  all  respects  as  fully  as  if  this  agreement  had 
not  been  made  and  executed.  And  it  is  also  agreed  by  the  parties  hereto,  that  no  rights 
or  defenses  of  the  Railway  Company,  in  the  premises,  are  abridged  or  affected  in  any 
way  whatever  by  this  Article. 

In  Witness  Whereof,  the  parties  hereto  have  caused  this  agreement  to  be  executed 
the  day  and  year  first  above  written. 
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Witness   Railway    Company 

By    ' 

Witness  Utility    Company 

By     

Note:   The  intent  of  this  agreement  is  to  cover  crossings  of  Railway  Company  Prop- 
erty only,  with  no  intent  to  permit  occupation  of  Property  by  future  crossings. 


Report  on  Assignment  5 

Form  of  License  for  Entry  on  Railway  Company  Property 

R.  F.  Correll  (chairman,  subcommittee),  W.  F.  Burt,  C.  W.  Colborg,  J.  T.  Evans,  A.  P. 
Fish,  N.  L.  Grider,  R.  C.  Heckel,  F.  M.  Jones,  C.  W.  Smith,  J.  L.  Southard,  D.  S. 
Taylor,  J.  W.  Wallenius. 

Last   year   your  committee   submitted   a   progress   report  on   this  assignment   which 
was  published  in  Bulletin  595,  November  1965,  Vol.  67,  pages  153  to  155,  incl. 

There  is  one  typographical  error.  On  page  154,  the  second  line  of  the  Witness  clause 
should  be  corrected  to  read  "on  the  day  and  year  first  above  written." 

It  is  recommended  that  the  report  be  accepted  as  Manual  material  and  be  printed 
in  the  Manual  in  Chapter  20,  Part  5. 


Report  on  Assignment  6 

Form  of  Agreement  to  Cover  Installation  of 
Vending  Machines  on  Railway  Property 

W.  B.  Tittsworth,  Jr.  (chairman,  subcommittee),  J.  C.  Britt,  W.  F.  Burt,  J.  K.  Christen- 
sen,  A.  B.  Costic,  J.  T.  Evans,  N.  L.  Grider,  F.  M.  Jones,  W.  B.  Small,  J.  L. 
Southard,  J.  W.  Wallenius,  H.  L.  Zouck. 

Your  committee  has  already  made  a  progress  report  on  this  assignment.  It  was 
published  in  Bulletin  595,  November  1965,  Vol.  67,  pages  155  to  159,  incl.  There  are 
two  typographical  errors: 

Page  157,  Sec.  10,  (a):   the  eighth  word  "License"  should  read  "Licensee." 

Page  158,  Sec.  20:  the  second  word  "licensee"  should  be  capitalized  to  read 
"Licensee." 

It  is  recommended  that  the  report  be  accepted  as  Manual  material  and  be  printed 
in  the  Manual  in  Chapter  20,  Part  5. 
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Report  on  Assignment  7 

Bibliography  on  Subjects  Pertaining  to  Contract  Forms 

C.  W.  Colborg  (chairman,  subcommittee),  W.  F.  Burt,  J.  T.  Evans,  W.  B.  Small,  J.  L. 
Southard. 

Your  committee  submits  the  following  annotated  bibliography  as  information. 

1.  Rocky  Mountain  News,  August  21,  1965,  Associated  Press  article  pertaining  to 
gas  line  explosion  near  Van  Wert,  Ohio. 

2.  Denver  Post,  June  29,  1966,  United  Press  article:  Ralph  Nader  terms  oil  and  gas 
pipelines  dangerous. 

3.  American  Right  of  Way  Association  Proceedings,  12th  Annual  National  Seminar, 
Utility  Section  Conference:  Speech  by  Roy  A.  Strobeck  on  joint  use  of  right-of-ways 
entitled  "Are  We  Ready  for  Joint  Utility  Corridors  in  Urban  Areas." 


Report  on  Assignment  8 

Form  of  Agreement  to  Cover  Lease  of  Railway  Company 

Machinery,  Tools  and  Materials  to  Other 

Than  Railway  Companies 

p.  J.  Freeman  (chairman,  subcommittee),  W.  F.  Burt,  A.  B.  Costic,  J.  T.  Evans,  A.  P. 
Fish,  R.  C.  Heckel,  C.  G.  Nelson,  W.  B.  SmaU,  C.  W.  Smith,  J.  L.  Southard, 
J.  W.  Wallenius. 

A  form  of  agreement  on  this  assignment  was  prepared  last  year  and  published  in 
Bulletin  595,  November  1965,  Vol.  67,  pages  160  to  162,  incl.  The  report  was  submitted 
as  information  with  an  invitation  to  the  Association  for  comment  and  criticisms. 

The  report  as  originally  printed  requires  two  editorial  corrections: 

Sec.  11,  line  4,  place  a  comma  after  the  words  "return  to." 

Sec.  13,  line  1,  Sec.  14,  lines  1  and  3,  Sec.  15,  line  1,  and  Sec.  16,  line  1,  change 
the  words  "lease"  to  "agreement." 

Your  committee  recommends  that  the  agreement,  with  the  above  revisions,  be 
accepted  as  Manual  material  and  be  printed  in  the  Manual  in  Chapter  20,  Part  7. 
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Report  on  Assignment  9 

Form    of    Agreement    to    Cover    Experimental 

Demonstration  of  Equipment  and  Materials 

on  Railway  Company  Property 

C.   G.   Nelson    (chairman,   subcommittee),   VV.   F.   Burt,   C.   W.   Colborg.   R.   F.   Correll, 
J.  T.  Evans,  P.  J.  Freeman,  W.  B.  Tittsworth,  Jr.,  H.  L.  Zouck. 

It  has  been  called  to  our  attention  that  the  Manual  does  not  cover  an  agreement 
of  the  above  nature.  Your  committee  asked  for  and  received  approval  to  proceed  with 
a  study  and  report.  The  report  is  printed  below  and  is  submitted  as  information  with 
a  request  for  your  comments  and  criticisms.  The  assignment  will  be  continued. 

FORM  OF  AGREEMENT  TO  COVER  EXPERIMENTAL 

DEMONSTRATION  OF  EQUIPMENT  AND 

MATERIALS    ON   RAILWAY 

COMPANY  PROPERTY 

THIS  AGREEMENT,  made  this   day  of   19   .  . . . , 

by  and  between   ,  a  corporation 

organized  and  existing  under  the  laws  of  the  State  of   ,  hereinafter 

called  the  Railway  Company,  and   ,  hereinafter  called  the 

Licensee. 

WITNESSETH: 

Whereas,   the  Railway   Company   is   the  owner  of  certain   facilities  and  properties 

located  in  or  near   State  of and  further 

described  as  follows:    ,  and  hereinafter 

referred  to  as  Premises,  and  as  shown  on  Exhibit  "A"  dated  , 

19    attached  hereto  and  made  a  part  hereof,  and 

Where.as,  the  Railway  Company  desires  to  use  modern  and  economical  equipment 
and  materials  for  construction  and  maintenance  of  railway  facilities,  and 

Where.^s,  the  Licensee  is  the  supplier  of  equipment  and  materials  used  in  the  con- 
struction and  maintenance  of  railway  facilities,  and 

Whereas,  the  Licensee  desires  to  enter  upon  the  Premises  of  the  Railway  Company 
for  purposes  of  making  experimental  demonstrations  including  tests  of  the  items  of  equip- 
ment and  materials  as  itemized  in  Exhibit  "B",  dated  ,  19   . . . ., 

attached  hereto  and  made  a  part  hereof: 

Now,  Therefore,  in  consideration  of  the  mutual  covenants  and  conditions  herein 
stipulated,  to  be  kept  by  the  parties  hereto,  it  is  agreed  as  follows: 

I.  Right  of  Entry 

The  Railway  Company  hereby  grants  permission  to  the  Licensee  to  enter  onto  the 
premises  for  purposes  of  making  experimental  tests  and  demonstrations  of  items  of 
equipment  and  materials  as  listed  in  Exhibit  "B".  It  is  expressly  noted  that  this  is 
limited  to  the  legal  right  of  the  Railway  Company  to  make  such  a  grant. 


178  Contract    Forms 


2.  Notification 

The  Licensee  shall   give  the    of  the  Railway  Company 

not  less  than   notice  before  entering  upon  the  Premises. 

3.  Ownership  and  Maintenance 

The  said  equipment  and  materials  are,  and  shall  remain,  the  property  of  the 
Licensee,  and  shall  be  maintained  by  the  Licensee  at  its  sole  risk,  cost  and  expense  and 
in  a  manner  that  will  not  impair  the  safe  operations  of  the  Railway  Company. 

4.  Transportation  and  Installation 

Except  as  hereinafter  specified,  the  entire  cost  and  expense  of  loading,  transporting, 
unloading,  and  installing  utility  connections  and  other  costs  made  in  connection  with  the 
handling  of  the  equipment  and  materials  shall  be  borne  entirely  by  the  Licensee.  The 
Railway  Company  agrees  to  furnish  free  transportation  on  and  over  its  lines,  insofar 
as  it  may  lawfully  do  so,  for  representatives  and  employees  of  the  Licensee  directly 
engaged  in  the  aforesaid  tests  and  demonstrations,  and  free  transportation  on  and  over 
its  lines  for  tools,  equipment,  supplies  and  materials  required  in  connection   therewith. 

5.  Operation  and  Maintenance 

The  Licensee  shall  provide  qualified  and  competent  operators,  operator-instructors, 
mechanics,  miscellaneous  personnel  and  supervisors  as  may  be  necessary  and  shall  fur- 
nish materials  and  supplies  to  keep  the  demonstration  equipment  properly  maintained 
and  in  safe  and  good  working  order,  all  without  expense  to  the  Railway  Company. 

The  Railway  Company  will  provide,  at  no  expense  to  the  Licensee,  except  as  here- 
inafter noted.  Railway  Company  personnel  necessary  to  assist  in  performing  the  tests 
and  demonstrations. 

6.  Supervision  and  Protection 

It  is  understood  that  all  activities  on  Railway  Company  property  shall  be  conducted 
subject  to  supervision  of  Railway  Company  personnel.  Supervision  shall  be  furnished  at 
no  expense  to  the  Licensee.  When  the  Railway  Company  deems  it  necessary  to  provide 
flagging  protection,  the  expense  of  such  protection  shall  be  furnished  at  no  expense  to 
the  Licensee. 

7.  Independent  Contractor 

It  is  expressly  understood  and  agreed  that  the  Licensee  is  and  shall  be  deemed  an 
independent  contractor  and  that  the  Railway  Company  reserves  no  control  whatsoever 
over  the  employment,  discharge,  compensation  of,  or  services  rendered  by,  the  employees 
of  the  Licensee. 

8.  Tests 

It  is  agreed  that  the  results  of  any  physical  or  laboratory  test  or  tests  made  by 
either  party  to  this  agreement  in  connection  with  the  demonstrations  shall  be  made 
available  to  the  other  party. 

9.  Photographs 

It  is  agreed  that  either  party  may  photograph,  film  or  otherwise  reproduce  on  paper 
or  other  material,  the  Licensee's  equipment  and  materials  and  the  property  of  the  Rail- 
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way  Company  during  the  course  of  the  tests  and  demonstrations.  Such  films,  pho- 
tographs or  other  reproductions  shall  not  be  publicized  without  the  mutual  consent  of 
both  parties,  which  consent  shall  not  be  unreasonably  withheld. 

10.  Laws  and  Ordinances 

The  Licensee  shall  comply  with  all  Federal,  State,  Municipal  and  Local  laws, 
ordinances  and  regulations  in  any  way  whatsoever  p>ertaining  to  the  equipment,  materials, 
tests  and  demonstrations. 

IL  Permits 

The  Licensee  shall  arrange  for,  procure  and  assume  the  costs  of  all  permits  required 
by  Federal,  State  or  other  governmental  agencies. 

12.  Taxes 

The  Licensee  shall  be  responsible  for  and  pay  all  taxes  assessed  under  any  Federal, 
State  or  Local  law  against  any  materials,  tools,  supplies,  servaces  and  equipment  fur- 
nished by  the  Licensee  in  connection  with  performing  the  tests  and  demonstrations. 

13.  Patented  Devices 

In  the  event  the  Licensee  shall  make  use  of  or  employ  any  patented  devices  or 
materials  for  carrying  out  the  tests  and  demonstrations,  the  Licensee  shall  satisfy  all 
claims  or  charges  for  lease,  privilege  or  royalty,  and  shall  at  its  sole  expense  defend  the 
Railway  Company  against  any  and  all  claims  and  suits  which  may  arise  from  any 
infringement  of  patent  rights,  and  indemnify  and  save  harmless  the  Railway  Company 
against   any  judgment  of  recovery  as  a  result  thereof. 

In  the  event  any  claims  or  suits  are  brought  against  the  Railway  Company  from 
any  infringement  of  patent  rights,  the  Railway  Company  will  immediately  transmit  to 
the  Licensee  the  name  and  address  of  the  claimant,  the  nature  of  the  claim,  and  such 
other  information  as  may  be  applicable  to  such  claim. 

14.  Pilferage  and  Damage 

The  Railway  Company  shall  not  be  held  responsible  or  accountable  for  the  safety 
or  care  of  the  equipment  or  materials. 

15.  Indemnity 

The  Licensee  shall  protect,  indemnif>  and  save  harmless  the  Railway  Company  and 
any  ether  corporation  or  person  on  Railway  Company  property  from  and  against  any 
and  all  loss  or  damage  to  property  or  injury  to  or  death  of  person  or  persons,  and  all 
suits,  claims,  liabilities  or  demands  in  connection  therewith,  howsoever  caused,  resulting 
directly  or  indirectly  from  the  operations  of  the  Licensee  in  performing  the  tests  and 
demonstrations. 

16.  Unemployment  and  Retirement  Legislation 

The  Licensee  shall  accept  full  and  exclusive  liability  for  the  payment  of  any  and  all 
contributions  or  taxes  for  unemployment  insurance  or  old-age  retirement  benefits,  pen- 
sions and  annuities  now  or  hereinafter  imposed  by  the  Government  of  the  United  States 
or  of  any  State  thereof,  which  are  measured  by  the  wages,  salaries  or  other  remunera- 
tions paid  to  persons  employed  by  the  Licensee. 
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17.  Insurance 

The  Licensee  shall  at  its  own  expense  carry  insurance  at  all  times  in  a  company  or 
companies   approved   by    the   Railway    Company,   covering   the   liability   assumed   under 

this    agreement,    with    hmits    of    not    less    than    $ for    one    person    and 

$ for  one  accident  for  personal  injuries  or  death,  and  $ 

for    property    damage    for    each    accident    with    an    aggregate    limit    of    not    less    than 

$ ,  and  shall  furnish  the  Railway  Company  true  original  counterparts  of 

such  policy  or  policies  and  have  the  written  approval  of  the  Railway  Company  of  said 
policies   at   least  48   hours   before   starting   any   work   covered   by  this   agreement.   Said 

policies  shall  provide  for  notice  to  the  Railway  Company  at  least   days 

in  advance  of  cancellation   or  change. 

18.  Restoration 

The  Licensee  shall,  upon  completion  of  the  tests  and  demonstrations,  restore  the 
Premises  of  the  Railway  Company  to  its  original  condition  or  a  condition  satisfactory 
to  the   of  the  Railway  Company. 

19.  Cancellation 

It  is  understood  if  Licensee  should  fail  in  any  instance  to  withdraw  promptly  any 
equipment  or  materials  from  the  Premises  after  receipt  of  notice  from  Railway  Company 
so  to  do,  Railway  Company  may,  at  its  option,  and  without  further  notice  to  Licensee, 
and  as  agent  of  Licensee,  place  such  equipment  in  storage  on  its  own  premises  or  on 
the  premises  of  others,  for  and  on  account  of  Licensee,  and  Licensee  agrees  to  pay  the 
cost  thereof.  If  more  than  one  piece  of  equipment  is  furnished,  this  agreement  shall  apply 
separately  to  each  piece. 

20.  Term 

This  agreement  shall  automatically  termniate  and  shall  be  considered  cancelled 
from  the  date  first  hereinbefore  written,  except  as  herein- 
before provided.  Such  termination  shall  not  be  construed  as  relieving  the  Licensee  of  any 
obUgations  or  liability  incurred  prior   to  such  termination. 

21.  Assignment 

Licensee  will  not  assign  or  transfer  this  agreement,  in  whole  or  in  part,  without 
the  written  consent  of  the  Railway  Company, 

The  covenants,  conditions,  terms  and  agreements  herein  contained  shall  inure  to  the 
benefit  of  and  be  binding  upon  the  legal  representatives  of  the  parties  respectively. 

In  Witness  Whereof,  the  parties  hereto  have  executed  this  agreement  in   

on  the  day  and  year  first  above  written. 

Witness 

Railway  Company 

By    

Witness  .... 

By    
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Committee 

To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision   of  Manual. 

Progress   report   with   recommendations  submitted  for  adoption    page  182 

2.  Cross  and  switch  ties. 

(b)  Extent    of    adherence    to    specifications    for    cross    and    switch    ties    as 
observed  on  field  inspection. 

Progress   report,   submitted   as   information    page  183 

(c)  Possible  revision  of  cross  tie  design  and/or  spacing,  collaborating  with 
Committee  5. 

Progress   report,   submitted   as   information    page  183 

3.  Wood  preservatives. 

(a)    Keep  up  to  date  specifications  for  preservatives. 

Progress   report,   submitted   as   information    page  183 

4.  Preservative   treatment   of   forest   products. 

(a)   Keep  up  to  date  sp>ecifications  for  treatment. 

Progress   report,   submitted   as   information    page  184 
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5.  Service  records  of  forest  products. 

(a)  Annual  tie   renewal  statistics  as   furnished   by  the   Bureau   of   Railway 
Economics,  AAR. 

Progress   report,   submitted   as   information    page  184 

(b)  Marine   organisms. 

Progress   report,   submitted   as   information    page  184 

(c)  Service    test    records    of    forest    products    used    in    railroad    construction 
and  maintenance. 

Progress  reports  on  termite  control  investigation  and  B&O  test  on   tie 
coatings,  presented  as  information    page  18S 

6.  Collaborate    with    AAR    Research   Department    and   other    organizations   in 
research  and  other  matters  of  mutual  interest. 

Progress  report,  submitted  as  information   page  187 

The  Committee  on  Ties  and  Wood  Preservation, 

K.   C.  Edscorn,  Chairman 

.AREA   Bulletin    602,   November    1966. 


Report  on  Assignment  1 

Revision  of  Manual 

C.  S.  Burt  (chairman,  subcommittee),  W.  F.  Arksey,  K.  C.  Edscorn,  D.  E.  Embling, 
W.  E.  Fuhr,  R.  P.  Hughes,  H.  F.  Kanute,  M.  A.  Lane,  C.  A.  Peebles.  N.  A.  Salzano, 
O.  W.  Smith,  R.  B.  Smith,  E.  F.  Snyder,  J.  L.  Williams. 

Your  committee  submits  for  adoption  the  following  recommendations  with   respect 
to  Manual   Chapter  3 — Ties. 

Pages  3-M-l  to  3-M-7,   incl. 

THE  HANDLING  OF  TIES  FROM  THE  TREE  INTO  THE  TRACK 

Reapprove  with  following  addition: 

Page  3-M-9.  Add  the  following  immediately  after  the  sixth  paragraph: 

Visual  characteristics  a  tie  should  possess  to  be  considered  salvageable: 

1.  Rail  seat  sound,  no  evidence  of  decay. 

2.  Limited  mechanical  wear  under  the  tie  plates. 

3.  Spike  holes  sound. 

4.  No  splits  from  end  of  tie  to  a  point  beyond  the  outside  edge  of  tie  plate. 

5.  No  center-bound  break. 

6.  No  evidence   of   internal   decay. 

7.  Tie  should  have  evidence  of  treatment. 

8.  Tie  could  have  a  few  surface  checks,  but  no  checks  half  way  through  the  tie. 

If  the  tie  is  failing  in  any  one  of  the  above  characteristics,  it  should  be  rejected  for 
reuse  in  any  class  of  track  for  permanent  construction. 
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Salvaged  ties  must  be  reinstalled  or  re-treated  as  soon  as  possible  after  being 
removed  from  ballast,  because  if  a  used  tie  is  allowed  to  dry  out  it  tends  to  be  subject 
to  excessive  checking,  splitting  and  decay. 


Report  on  Assignment  2 

Cross  and  Switch  Ties 

F.  M.  Cummings  (chairman,  subcommittee),  W.  F.  Arksev,  G.  B.  Boggs,  P.  D.  Brent- 
linger,  K.  C.  Edscorn,  J.  Fox,  F.  J.  Fudge.  J.  K.  Gloster,  F.  F.  Hornig,  VV.  R. 
Jacobson.  H.  F.  Kanute,  M.  A.  Lane.  T.  F.  Maloney,  G.  H.  Nash,  H.  S.  Ross. 

EXTENT  OF  ADHERENCE  TO  SPECIFICATIONS  FOR  CROSS  AND 
SWITCH  TIES  AS  OBSERVED  ON   FIELD   INSPECTION 

During  the  month  of  June  1966,  members  of  Committee  3  inspected  cross  and 
switch  ties  in  a  tie-treating  plant  in  Montreal,  Canada,  which  handles  treatment  for  two 
railroads.  The  ties  observed  were  neatly  stacked  for  seasoning.  The  storage  yard  was 
clean  and  drainage  was  fair. 

The  ties  inspected  were  of  maple,  birch,  beech  and  jack  pine.  "S"  irons  were  applied 
to  all  green,  hardwood  ties.  The  quality  of  the  ties  was  good  and  indicated  careful 
inspection. 

Each  railroad  has  its  own  standard  specification  for  cross  ties  and  uses  three  sizes, 
1,  2,  and  3.  Size  No.  1  includes  main  track  ties  7  in  by  8  in  by  8  ft  and  7  in  by  9  in 
by  8  ft.  No.  2  size  corresponds  to  .\RE.\  No.  3  and  the  No.  3  size  corresponds  lo 
.\REA  No.  1  and  No.  2.  Some  wane  is  allowed. 

POSSIBLE    REVISION    OF    CROSS    TIE    DESIGN,    .\ND/OR    SPACING 

(STANDARDIZ.ATION   OF   CROSS   TIES),   COLLABOR.\TING 

WITH  COMMITTEE  5 

As  information,  your  committee  reports  that  during  1966  one  railroad  respaced  ties 
in  connection  with  operation  of  its  tie  and  surfacing  gangs  or  other  out-of-face  work, 
such  as  undercutting  or  plowing.  The  tie  spacing  being  used  is  25  in,  center  to  center 
of  ties. 


Report  on  Assignment  3 

Wood  Preservatives 

\V.  W.  Barger  (chairman,  subcommittee),  \V.  F.  .\rksey,  A.  B.  Baker,  R.  G.  Brohaugh, 
C.  A.  Burdell.  C.  M.  Burpee,  D.  L.  Davies,  R.  F.  Dreitzler.  K.  C.  Edscorn,  M.  S. 
Hudson,  W.  R.  Jacobson,  J.  J.  McManus,  L.  M.  Nichols,  T.  H.  Patrick,  Rudi 
Rotter.  O.  W.  Smith,  H,  K.  Wyant,  R.  G.  Zietlow. 

KEEP   UP   TO  DATE   SPECIFICATIONS  FOR  PRESERVATIVES 

Your  committee  has  no  changes  in  present  specifications  or  data  on  new  preserva- 
tives to  present  at  this  time,  but  is  working  on  changes  to  be  made  next  year. 
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Report  on  Assignment  4 

Preservative  Treatment  of  Forest  Products 

L.  C.  Collister  (chairman,  subcommittee),  G.  W.  Brenton,  C.  A.  Burdell,  R.  E.  Case, 
D.  L.  Davies,  R.  F.  Dreitzler,  K.  C.  Edscorn,  W.  E.  Fuhr,  M.  S.  Hudson,  J.  J. 
McManus,  C.  S.  Morton,  T.  H.  Patrick,  R.  B.  Smith,  R.  M.  Whitmore,  R.  G. 
Zietlow. 

KEEP   UP   TO   DATE   SPECIFICATIONS   FOR   TREATMENT 

There  were  no  new  specifications  for  treatment  nor  any  new  methods  of  condi- 
tioning prior  to  treatment  brought  to  the  attention  of  this  committee  this  year. 

As  of  right  now,  we  have  the  specifications  necessary  to  cover  the  handling  of 
forest  products  before  and  after  treatment.  However,  there  is  some  work  being  done 
which  will  necessitate  changes  next  year. 


Report  on  Assignment  5 

Service  Records  of  Forest  Products 

J.  T.  Slocomb  (chairman,  subcommittee),  W.  F.  Arksey,  A.  B.  Baker,  C.  M.  Burpee, 
K.  C.  Edscorn,  M.  S.  Edwards,  F.  J.  Fudge,  H.  M.  Harlow,  R.  P.  Hughes,  R.  B. 
Radkey,  E.  F.  Snyder,  J.  L.  Williams. 

ANNUAL  TIE   RENEWAL  STATISTICS  AS  FURNISHED   BY  THE   BUREAU 
OF   RAILWAY   ECONOMICS,  AAR 

Statistics  on  1965  tie  renewals  by  76  Class  I  railroads  in  the  United  States  and 
3  railroads  in  Canada  were  secured  from  the  AAR  Bureau  of  Railway  Economics  and 
published  in  Bulletin  600,  June-July  1966,  page  792.  The  data  were  also  published 
in  the  August  issue  of  the  Cross  Tie  Bulletin. 

Tie  renewals  of  Class  I  U.  S.  railroads  in  1965  totaled  14,284,674.  After  declining 
for  10  straight  years  (1952-1961),  the  average  annual  tie  replacements,  per  mile, 
increased  from  35  in  1961  to  40  in  1962,  and  then  to  47  in  1965.  The  average  in  the 
East  was  40,  in  the  South,  67,  and  in  the  West  45. 

The  average  "charge  out"  cost  for  a  treated  wood  tie  in  1965  was  $4.08  as  compared 
with  $3.93   in   1964. 

The  tie  renewal  figures  include  4,841   prestressed  concrete  ties. 

The  secondhand  tie  renewal  figures  are  not  accurate. 

MARINE  ORGANISMS 

The   following   reports   concerning  marine   organisms  are   presented  as  information. 

1.  J.  D.  McLean,  United  States  Forest  Service  Laboratory  at  Madison,  Wis.,  in 
1965,  reviewed  and  reaffirmed  his  publication  No.  1773,  "Results  of  Experiments  on  the 
Effectiveness  of  Various  Preservatives  in  Protecting  Wood  Against  Marine  Borer 
Attack."  A  summary  of  his  findings  is  as  follows: 

Tests  indicate  the  highest  resistance  to  shipworms  (teredo)  and  Crustacea  (Umnoria) 
is  given  by  high  retentions  and  deep  penetrations  of:  (1)  high-boiling  creosote  oil, 
(2)    high-boiling  water-gas  tar   creosote,   (3)    solutions  of  coal  tar  in  coal-tar  creosote. 

2.  T.  B.  May,  manager  of  Harbor  Island  Corrosion  Laboratory  (The  International 
Nickel   Company)    wrote  in  May  of   1966  as  follows:   "Our  efforts  have  been  directed 
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toward  the  sheathing  of  creosoted  piling  with  90-10  copper-nickel,  monel  and  one  or 
two  other  non-metallic  materials.  Our  experience  with  piling  treated  to  refusal  with 
coal-tar  creosote  indicates  an  effective  life  of  about  13  or  14  years  before  bearing 
strength  is  lost.  During  this  time,  the  diameter  of  the  piling  is  reduced  about  two-thirds 
through  the  action  of  limnoria  primarily.  Experience  with  90-10  copper-nickel  sheathing 
over  the  top  of  creosoted  piling  has  revealed  minor  perforations  of  the  copper-nickel 
sheathing  from  the  creosote  side  occur  in  about  seven  or  eight  years.  This  would  be 
followed  by  very  slow  leaching  of  the  creosote  from  the  timber.  Our  experience  with 
this  form  of  protection  has  not  extended  beyond  this  point,  but  we  would  expect 
piling  to  be  good  for  close  to  30  years  with  this  copper-nickel  sheathing." 

3.  The  American  Wood  Preservers'  Association  is  progressing  a  pine  piling  experi- 
ment using  a  two-step  treatment:  (1)  greensalt  (chromated  copper  arsenate) — 1.5  lb 
per  cu  ft,  followed  by   (2)   coal-tar  creosote — 25  lb  per  cu  ft. 

SERVICE   TEST   RECORDS   OF   FOREST   PRODUCTS   USED   IN 
RAILROAD    CONSTRUCTION   AND   MAINTENANCE 

Termite  Control  Investigation 

This  is  a  iS-year  investigation  to  determine  the  most  effective  preservative  in 
retarding  decay  and  termite  attack.  The  test  involves  13  well  known  preservatives  at 
3  levels  of  retention  on  3  species  or  groups  (oak,  fir,  and  pine).  The  wood  specimens 
are  2-  by  4-  by  18-in  stakes  driven  into  the  ground  in  a  woods  setting  near  Gaines- 
ville, Fla. 

An  inspection  of  the  specimens  was  made  in  February  1965.  Those  in  attendance 
were  Dr.  J.  B.  Huffman,  W.  F.  Arksey,  F.  J.  Fudge,  C.  Morton,  G.  B.  Mills,  I.  Williams, 
R.  W.  Wellwood,  E.  J.  Ruble,  K.  W.  Schoeneberg,  and  I.  A.  Eaton.  A  complete  report 
on  this  test  was  prepared  by  E.  J.  Ruble,  executive  research  engineer,  Research  Staff, 
.■\AR,  and  published  as  Report  No.  ER-66,  "Termite  Control  Investigation  after  100 
Months  of  Exposure."  The  report  was  also  published  in  Bulletin  601,  September- 
October   1966. 

Although  it  is  too  early  in  the  investigation  for  definite  results,  the  following  trends 
are  interesting  and  bear  watching: 

(1)  Straight  coal-tar  creosote  is  performing  exceptionally  well  at  all  levels  of 
retention  and  in  all  species,  except  oak  in  low  retention. 

(2)  Mixtures  of  creosote  with  tar  or  petroleum  oil  are  performing  exceptionally 
well  in  pine  and  fir  at  all  three  levels  of  retention.  However,  these  highly 
rated  preservatives  are  not  showing  this  high  a  degree  of  performance  in  oak 
in  any   of  the  levels  of  retention. 

(3)  Of  the  13  preservatives  here  under  test,  the  poorest  showings  are  from 
chromated  zinc  chloride  and  tanalith. 

(4)  High  retentions  qualify  more  preservatives  for  exceptionally  high  per- 
formance. 

Note:  As  used  in  the  foregoing,  "exceptionally  high  performance"  for  a  preservative 
means  that  the  stakes  treated  with  the  preservative  are  90  percent  sound  or  better  after 
75  months  of  exposure.   (See  Table  1.) 
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Table   1 — Preservatives  That  Have  Kept  the  Test  Specimens  90  Percent  Sound 
(or  Better)   After  75  Months  of  Exposure 


Low  Retentions 

.4 1'crage  Retentions 

High  Retentions 

Oak 

(4.6 
Lb) 

Fir 

Pine 

Oak 

(8.7 
Lb) 

Fir 

Pine 

Oak 

(16 
Lb) 

Fir 

Pine 

Coal-tar  creosote...   . 

V 

V 

V 

V 

V 

V 

V 

V 

Chromated  zinc  chloride ... 

Tanalith 

Pentachlorophenol .. 

V 
V 
V 

V 

V 
V 
V 

V 

V 

V 
V 
V 

V 

Copper  naphthenate ..      

V 
V 

V 

V 
V 

V 

Acid  copper  chromate  (celcure) .. 

Ammoniacal  copper  arsenite 
(chemonite).            __            

V 

V 

Chromated  zinc  arsenate  (boliden 
salt) 

Chromated  copper  arsenate 
(greensalt)       .          __    

V 


V 

Creosote-coal  tar  60-40 

V 
V 
V 
V 

V 

V 
V 
V 
V 

V 

V 
V 

V 

v 

Creosote-coal  tar  80-20.     

V 

Creosote-petroleum  50-50.     

V 

Creosote-petroleum  25-75 

V 

Tie  Coating  Test  on  the  Baltimore  &  Ohio  Railroad 

There  is  considerable  evidence  to  prove  that  weathering  of  the  tie  surface: 

(1)  Leaches  preservative  from  the  exposed  face. 

(2)  Opens  surface  checks,  end  checks  and  splits. 

The  surface  checks  deepen  along  the  medullary  wood  rays,  exposing  the  untreated 
tie  core  to  fungi  infection.  Often  the  end  result  is  a  shell  of  treated  wood  surrounding 
a  completely  rotted  center. 

It  is  most  reasonable  to  expect  that  a  weatherproof  surface  coating,  will  extend  the 
service  life  of  wood  cross  ties.  Houses  sided  with  wood  need  painting. 

In  the  summer  of  1953,  four  different  proprietary  coatings  (designated  herein  as 
Coatings  A,  B,  C,  and  D)  were  brought  to  a  B&O  location  at  Green  Spring,  W.  Va. 
Red  and  white  oak  ties,  treated  the  previous  year  with  7  lb  80-20  creosote-coal  tar, 
were  coated  in  track  as  follows: 

80  ties  Coating  A 

80  ties Coating  B 

80  ties  Coating  C 

10  ties  Coating  D 

This  work  was  done  with  cold  material.  Spreading  was  done  with  a  brush.  No 
gravel  was  applied.  The  coating  was  very  thin — about  like  a  coat  of  paint. 

The  coated  ties  were  then  checked  in  1960,  seven  years  later,  with  the  following 
results : 

Percent 

Percent  Retaining 

Retaining  Some 

Entire  Sealing 

Coating                                                                                                            Coat  Coat 

A     0  5 

B      5  85 

C      0  5 

D     0  80 
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Compared  with  the  controls,  all  of  the  coatings  reduced  usual  surface  and  end 
checking.  Xow  that  most  of  the  coatings  have  washed  away,  it  remains  to  be  seen  if 
the  unchecked  coated  ties  will  catch  up  with  the  in-track  checking  of  the  uncoated  ties. 
Because  all  wood  ties,  especially  oak,  seem  to  suffer  from  extreme  weathering  in 
old  age,  the  mechanical  application  of  a  surface  coating  at  ten-year  intervals  would 
probably  extend  service  life.  The  vital  area  under  the  plate  can  be  protected  with  a  thin, 
asphaltic  "squeegie"  pad. 

However,  the  economics  remain  to  be  proven. 


Report   on  Assignment  6 

Collaborate  with  AAR  Research  Department  and  Other 

Organizations  in  Research  and  Other  Matters 

of  Mutual  Interest 

p.  D.  Brentlinger  (chairman,  subcommittee),  W.  F.  Arksey,  R.  G.  Brohaugh,  T.  J. 
Delaney,  K.  C.  Edscorn,  H.  M.  Harlow,  F.  F.  Hornig,  H.  C.  Martin,  W.  G.  Merritt, 
C.  S.  Morton.  R.  B.  Radkey,  H.  E.  Richardson,  H.  S.  Ross,  J.  T.  Skerczak,  G.  H. 
Way,  H.  K.  Wyant. 

SUBSTITUTES  FOR  WOOD  TIES 
1.  Prestressed  Concrete  Ties 

During  1966,  an  inspection  was  made  of  concrete  ties  in  place  on  the  Seaboard  .\ir 
Line  Railroad  at  Tampa,  Fla.,  by  members  of  the  AAR  research  staff  and  of  Committee 
3.  The  original  installation  of  600  indirect  fixation  (MR-1)  ties  was  made  in  March 
1960.  In  January  1962,  the  east  rail  over  the  prestressed  concrete  ties  was  subjected 
to  forces  imposed  by  a  broken  wheel  of  a  diesel  unit.  An  inspection  of  the  concrete  ties 
showed  that  about  80  of  them  had  developed  cracks  through  the  bolt  holes  or  under 
the  rail,  but  only  8  of  the  ties  were  cracked  enough  to  require  their  replacement.  As  of 
this  last  inspection,  43  of  these  original  cracked  ties  have  been  replaced  with  the  MR-2 
or  direct-fixation  concrete  tie.  The  other  29  early  cracked  ties  are  still  in  service.  Most 
of  the  concrete  ties  have  transverse  cracks  in  the  center  portion  of  the  tie  with  an  aver- 
age of  approximately  5  per  tie.  The  torque  on  the  clip  bolts  was  checked,  and  it  was 
found  that  over  80  percent  of  the  bolts  tested  had  a  torque  of  120  ft-lb  or  over. 

Your  committee  is  presently  working  on  and  developing  specifications  for  the  design, 
materials,  construction  and  inspection  of  prestressed  concrete  ties,  including  the  necessary 
fastenings.  It  is  anticipated  that  this  work  should  be  completed  next  year  and  presented 
for  adoption  as  Manual  material  in  1968. 

SPLITTING  OF   TIES  AND   ANTI-SPLITTING  DEVICES 

In  October  of  1966,  an  inspection  was  made  of  the  2500  hardwood  cross  ties 
installed  on  the  Milwaukee  Road  in  1962  to  test  various  means  of  controlling  splits  and 
resulting  decay.  These  are  divided  into  five  test  sections,  as  follows: 

1.  Controls.   No   protection   from  splits. 

2.  Saw-kerf ed. 

3.  Doweled  when  green. 

4.  100  percent  doweled  after  seasoning. 

5.  Selectively  doweled. 
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Four-flute  dowels  were  used  in  these  tests. 

Each  group  was  subdivided  to  have  250  southern  and  250  northern  hardwood  ties 
from  Indiana  and  Wisconsin,  respectively.  All  of  the  ties  were  tagged  and  inserted  as 
spot  renewals.  The  test  is  located  between  Spragueville  and  Delmar,  Iowa,  where  the 
railroad  operates  under  CTC  a  single  track  laid  with  115  RE  rail. 

This  inspection  revealed  that  the  northern  or  Wisconsin  hardwood  ties  have  con- 
siderably less  end  splits  and  checks  as  well  as  body  checks  than  do  the  southern  or 
Indiana  hardwood  ties  in  all  of  the  five  test  groups.  It  was  also  noted  that  end  splits 
and  checks  in  the  saw-kerfed  ties  are  much  less  in  magnitude  compared  to  the  other 
four  groups.  With  the  exception  of  only  a  few,  all  doweled  ties  appear  to  be  doing 
well  as  far  as  the  holding  power  of  the  four-flute  dowels  and  their  confining  of  end 
splitting  are  concerned 

WOOD   DETERIORATION   IN   THE  PRESENCE   OF   METAL 

This  is  a  new  subject,  and  the  AAR  Research  Center  has  started  an  investigation 
as  to  the  effectiveness  of  various  coatings  on  track  spikes  to  prevent  or  reduce  the  wood 
deterioration  or  "spike  kill"  of  wood  cross  ties  and  bridge  timbers. 

Standard  cut  spikes  with  10  different  coatings  have  been  supplied  to  the  Research 
Center  by  the  CF&I  Steel  Corp.,  and  a  test  procedure  has  been  initiated  using  these 
various  coated  spikes.  The  coatings  are  as  follows: 

1.  Tar  paint — spike  not   cleaned. 

2.  Tar   paint — spike   acid   cleaned. 

3.  Zinc  metal  powder  plus  sodium  silicate. 

4.  Zinc  oxide  powder  plus  sodium  silicate. 

5.  Alumina  powder  plus  sodium  silicate. 

6.  Titanium   dioxide  powder  plus  sodium  silicate. 

7.  Zinc  phosphate  coating. 

8.  PVC — spike  acid  cleaned. 

9.  PVC — spike  not  cleaned. 
10.  Plastic  coating. 

The  testing  procedure  is  made  up  of  four  phases,  as  follows: 

Phase  1 — Weight  gain  or  loss  of  spike  in  water  after  cycles  of  wet  and  dry. 
Phase  2 — Weight  gain  or  loss  in  brine  solution  after  cycles  of  wet  and  dry. 
Phase  3 — Reactions   of   spike  in   pulp   mixture   of  wood,   preservative  and  water, 

wet   and  dry  cycles. 
Phase  4 — Accelerated  simulated  service.  Spikes  in  treated  wood  ties. 


means 


DAMAGE 


Refrigerator  car  brine 
drippage  and  coastal 
salt  water  can  cause  cor- 
rosion and  damage  to  rails, 
splice  bars  and  rail  joints. 

Brooks  coatings  have 
proven  to  be  superior 
in  the  protection  of  rail- 
road equipment  subjected 
to  severe  conditions.  These 
products  have  a  low  cold  test 
for  application  by  spray, 
pour  or  brush. 

Brooks  coatings  are  used 

to   protect   railroad   bridge 

and  trestle  members  as  well 

as  structural  and  steel  tanks. 


Brooks  petroleum   base 

products,   black  in  color,  are 

compounded  to  resist  and  retard 

corrosion  to  metal  surfaces.   Four 

different  coatings  are  available 

and  require  a  minimum  of  surface 

preparation  for  application. 


The  BROOKS  OIL  Company 

Established  1876 

Generol  ofFices  and  U.S.  plant:    3304  East  87th  Street*  Cleveland  27.  Ohio 


p.   &    M.    PRODUCTS 

•  IMPROVED    FAIR    Rail  Anchi 

•  XL-1  FAIR  Rail  Anchors 

•  FAIR-FLEX  Concrete  Tie  Fastene 

RAIL  JOINT   PRODUCTS 

•  Rajo  Joints 

•  Rajo  Insulated  Joints 

•  Rajo  ConnpromJse  Joints 

•  Rajo  Fibre  Insulation 


MAINTENANCE    EQUIPMENT   PRODUCTS 

•  Meco  Rail  and  Flange  Lubricators 

•  MACK  Reversible 
Switch  Point  Protectors 


PEERLESS    EQUIPMENT    PRODUCTS 


1799AB 


PRODUCTS  OP  PROGRESS 


POOR  &    COMPANY 


Railway  Products  Division,   80 
90  West  Street, 


E.  Jackson  Blvd. 
New  York,    N.  Y. 


Chicago,   III.  60604 
10006 


CHOOSE  FROM  OUR 

FULL  LINE! 


aCONVERSION  UNIT 


It R AVELS    OVER    RAIL    OR    ROAD 


50%  LIGHTER 
100%  RELIABLE 

Shown  above  is  the  new,  lighter-weight  Model  C-62  Cox  Raii-Road  Conversion 

Unit  featuring  tuck-under  design,  reducing  unsightly  overhang.  Maintains  excellent 

highway  clearance.  Side  handle  actuation  with  automatic  locking  bars  for 

positive  rail  and  highway  "lock-up".  Torsion  bar  suspension  gives  "full  floating"  ride. 

Complete  package  kits  for  simplified  installation  in  your  own  shop . . . 

or  fully  equipped  vehicle  of  your  choice  available. 

Ask  about  the  full  line  of  Cox  Rail-Road  Conversion  Units . . .  from  passenger-type 

vehicles  to  heavy-duty  trucks  rated  at  72,000  GVW. 

Complete  specifications  and  performance  data  on  request. 


INCORPORATED  ^^ 

580  WEST  HIGHWAY  54    •    CAMDENTON,  MISSOURI    •    65020 


ADDRESS 
DEPARTMENT  40 


for  less  than 

H30, 

an  efficient, 

liiglj-quality 

rail  drill 


Racine   Rail   Drill 

with  automatic  feed 

—  less  than  $600 

Automatic  power  feed  assures  proper 
feed  rate  regardless  of  web  thick- 
ness or  drill  size.  Spring  pressure  ar- 
fangement  prevents  drill  damage  by 
reducing  feed  as  drill  becomes  dull 
or  when  hard  spots  are  encountered. 
For  top  efficiency,  specify  Racine 
Model-A  Automatic  Feed   Rail   Drill. 


The  new  Racine  Manual  Feed  Rail  Drill  gives  you  all  the  work- 
saving,  cost-cutting  features  of  the  popular  automatic  drill 
(less  power  feed)  at  an  exceptionally  low  price. 

You  still  get  the  exclusive  self-aligning  track  clamp,  positive 
chain  drive,  quick-change  drill  holder,  spirit-level,  and  heavy- 
duty  bearings  throughout.  A  torque  clutch  prevents  damage 
to  bit  or  engine  due  to  overfeeding. 

You  also  get  such  advantages  as  faster  operation  (drills  holes 
up  to  IV2"  dia.  in  less  than  2  minutes),  easy  positioning  and 
adjustment  without  wrenches,  rugged  construction,  and  husky 
4-cycle  engine. 

For  precision  rail  drilling  at  lowest  initial  cost,  specify  the  new 
Racine  Model-M  Manual  Feed  Rail  Drill.  Call  your  Racine  dis- 
tributor or  write  for  details.  zo.-- 


RACINE  HYDRAULICS  &  MACHINERY,  INC. 


Ijjggj^ 


MACHINERY  DIVISION 


RACINE,  WISCONSIN  53404 


Baclne  has  the  tool  for  the  job 

ANCHOR-FAST   •   ANCHOR-TIGHT  •   RAIL  SAW   •    RAIL   DRILL   •    KROP-MASTER    •    OIL   PRESSOR    •    UNIT  TAMPER    •    TRACK   GAUGER 


yjy  WOODINGS-VERONA  TOOL  WORKS 

^^r  Pioneer  Monuiacturers 

oi 
HIGH  GRADE  TRACE  TOOLS 

and 

SPRING  WASHERS  FOR  TRACK 
Since  1873 


VERONA,  PA. 


CHICAGO,  ILL. 


w 

WOODINGS  FORGE  &  TOOL  COMPANY 

Makers 

oi 

WOODINGS  RAIL  ANCHORS 

VERONA. 

PA. 

CHICAGO, 

ILL. 

Notes  on 

Railraad  Location  and  Construction  Procedures 
from  the  School  of  Experience 

By  J.  A.  Given 

A  series  of  notes,  comments,  short-cut  methods  and  "tricks  of  the 
trade"  written  by  a  railroad  location  engineer  of  many  years  of 
practical  experience  for  the  benefit  of  young  engineers. 

Price  $0.50 

AMERICAN  RAILWAY  ENGINEERING  ASSOCIATION 

59  East  Van   Buren  Street 
Chicago  5,  III. 


ETTiS^Mf 


MODEL  441 

Developed  and  Built 
for  Railroad  Maintenance 

180°  BOOM  SWING 

DOBS  AU  JOBS! 


CUTS     MAINTENANCE     COSTS 


12  fl^Sl  CHANGE  ATTACHMENTS 


•  Forks 

•  I'/i   Cu.  Yd.  Bucket 

•  Tote   Hook 

•  18'  Boom   Extension 

•  Fork  Tie  Baler 

•  Track  Cleaning   Bucket 


•  Back  Hoe 

•  Clamshell 

•  Back  Filler  Blade 

•  Pull   Drag  Bucket 

•  4  Cu.  Yd.  Snow  Bucket 

•  Pile  Hammer 


Optional  Attachment 
Flanged   Wheels,   Hydraulically  Controlled 


PETTIBONE  MULLIKEN  CORPORATION 

RAILROAD^^^I^DIVISION 

141    W.   JACKSON^'*^'^;*^  CHICAGO  4,   ILL 

80  Years  of  Service 
to  the  Railroad  Industry 


THE  DOUBLE  U  RAIL  ANCHOR 

ACHUFF  RAILWAY  SUPPLY  CO. 
ST.  LOUIS,  MO. 

Assure  lower  maintenance  costs, 
better  performance  with... 


>'< 


TEXACO 

Petroleum  Products  and 

Systematic  Engineering 

Service 


TEXACO  INC. 

RAILWAY  SALES  DIVISION 

135  East  42nd  St.,  New  York  17,  N.  Y. 
NEW  YORK  .  CHICAGO  •  SAN  FRANCISCO  •  ST.  LOUIS  •  ST.  PAUL  •  ATLANTA 


NEW...  Road- N- Rail 

Trailer 


"""!S^ 


with  Hydraulic  Powered 

TILT-BED 


for  EASY  LOADING-UNLOADING 


Big60"x84"Deck 
Capacity  5,000  lbs 


A  rugged  trailer  designed  for  easy  handling  of  heavy  or 
unwieldy  loads.  Tilt-Bed  makes  it  easy  to  slide  loads  on  and 
off.  Winch  (optional)  lets  one  man  do  the  job.  Extendable 
tongue  lets  long  loads  overhang  front  and  back  and  makes 
trailer  easier  to  handle.  Optional  extras  include  box  sides  and 
ends,  manual  or  power  winch  and  others. 


rm 


For  complete  defails  and  specificafions  write,  wire  or  call: 


^    ^  WOOLERY  MACHINE  CO. 

^'*««— >^       2919  Como  Avenue  S.E.,  Minneapolis,  Minnesota  55414,  Phone  (612)  331-2552 


NEW  and  RELAYING 

RAIL 

Switch  Material  *  Tools 
Track  Accessories 

PILING 

Rental  Steel-Sheet  Piling 
Pipe  Pile  •  H-Bearing  Pile 

PIPE 

Tested  and  Structural 

All  Sizes  1/8"  thru  48" 

Valves,  Fittings,  Flanges 

Immediate  delivery 

from  Foster's  nationwide 

warehouse  stocks. 


Specialists  to  the  Railroads 


tLmmmmnco. 


Pittsburgh  New  York 

Cleveland  Chicago 

Los  Angeles  Detroit 

San  Francisco  Houston 

Atlanta  Orlando 


m  m 

Hutabard  Super  Service  Alloy  Spring  Washers 

Hubbard  Super  Steel  Alloy  Spring  Washers 

Hubbard  Track  Tools 

Hubbard  Tool  Division 

UNIT  RAIL  ANCHOR  CORPORATION 

New  York  Pittsburgh  Chicago 


t 


NEW  YORK 


Unit  Rail  Anchor 

UNIT  RAIL  ANCHOR  DIVISION 

UNIT  RAIL  ANCHOR  CORPORATION 

PITTSBURGH 


t 


CHICAGO 


^-x-t-Q-n-d    i-l-e  Jl'i'^-el 


4/oU  g< 
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USE  TIE  PLATE 
lOQK  SPIKES 


One-piece  Design 

LOCK  SPIKES  hold  tie  plates  firmly  in  place  on 
cross-ties  and  bridge  timbers. 

LOCK  SPIKES  are  quickly  and  easily  driven, 
or  removed,  with  standard  track  tools. 

Driven  to  refusal,  the  spread  shank  is  com- 
pressed by  the  walls  of  the  hole.  Tie  plates  are  held 
against  horizontal  and  vertical  movement  under 
spring  pressure.  Play  between  the  spike  and  the 
hole  is  eliminated — abrasion  and  seating  of  tie 
plates  is  overcome. 

LOCK  SPIKES  hold  their  position  in  the  tie, 
and  redriving  to  tighten  the  plate  is  not  required. 
They  provide  a  quiet  and  strengthened  track. 

Annual  cost  of  ties  and  maintenance  expense  is 
reduced  by  extending  the  life  of  ties  and  holding 
gage.  Here  is  one  answer  to  conservation  of  ma- 
terials and  labor.  Write  for  free  folder. 

BERNUTH,  LEMBCKE   CO.,  INC. 

420  Lexington  Avenue,  New  York  17,  N.  Y. 


Actual 
Size 


AREA  Publications — Price  List 

The  following  include  some  of  the  Association  publications  available  from  the 
secretary's  o£5ce  on  order.  Prices  shown  are  for  Members  only: 

Member 
Price 
Manual  of  Recommended  Practice,  complete  in  2  volumes,  including  binders 

(first   copy)     $18.00 

Extra  binders,  each  4.50 

Annual  Supplements   ( first  copy )    1.00 

Separate  Chapters 

1— Roadway  and  Ballast   1.50 

3-Ties    25 

4-Rail    75 

5-Track     75 

6-BuiIdings     1.50 

7-Wood  Bridges  and  Trestles 1.00 

8-Masonry    1.00 

9-Highways    0.50 

II— Engineering  and  Valuation  Records 1.25 

13— Water,  Oil  and  Sanitation  Services 1.00 

14— Yards  and  Terminals    1.00 

15— Iron  and  Steel  Structures 1.25 

16— Economics  of  Railway  Location  and  Operation   0.75 

17— Wood  Preservation    50 

18 — Electricity    (AAR    Electrical    Manual,    $23.00    Complete    with    binder. 
Separate  Sections  available,  prices  on  request) 

20-Contract  Forms    1.25 

22— Economics  of  Railway  Labor    0.50 

25— Waterways  and  Harbors    0.25 

27— Maintenance  of  Way  Work  Equipment 0.50 

28-Clearances     0.25 

29- Waterproofing     0.25 

Flexible-cover,  loose-leaf  binder  for  separate  chapters,  each   0.40 

Portfolio  of  Trackwork  Plans— 119  plans,  8  sheets  of  specifications,  5  sheets 

definitions  of  terms,  complete  with  leatherette  cover   $12.50 

Track  Scale  Pamphlet— 109  pages,  flexible  cover  1.00 

Federal  Valuation  of  Raihoads— 87  pages,  flexible  cover 1-00 

Instructions  for  Mixing  and  Placing  Concrete— 24  pages,  flexible  cover 0.40 

Handbook  of  Instructions  for  the  Care  and  Operation  of  Maintenance  of  Way 

Equipment— 149  pages,  hard  cover 0.85 

Instructions  for  Care  and  Safe  Operation  of  Welding  and  Grinding  Equip- 
ment—23  pages,  flexible  cover 0.30 

Specifications    for    Steel    Railway   Bridges    (fixed    spans) -70   pages,   flexible 

cover    0-'75 

Specifications  for  Movable  Railway  Bridges — 73  pages,  punched  sheets 1.00 


LEVELLING,  LINING,  TAMPING... 

in  ONE  OPERATION,  with  ONE  OPERATOR 


.ELECTRONIC 
REFERENCE 


.  FEELER 
detects  ppsHion 
of  track  in  spiral 
Of  curve  at  every 
tie  artd  feeds 
intormation  to 
"Auto-Control" 


UNER  UNIT 


WORKING 
SHADOW  BOARD 
controls  lining  at 
point  where 
lifting,  levelling 
and  tamping^ 
Is  done. 

RECEIVER 
BUGGY 
"Auto-Control" 
continuously 
positions 
receivers 
electronically  lo 
satisfy  ideal  curve 
requirements  and 
establishes 
required  amount 
of  track 
correction. 


The  Autojack  Electromatic 
with  Autoliner  leads  the  way 
through  these  advantages: 

#  Gives  the  highest  possible  degree  of  accuracy  by  electronic 
beams  projected  100  feet  in  advance  of  where  levelling, 
lining  and  tamping  are  talking  place. 

#  Automatic,  continuous  operation  for  both  tangent  and 
curve  track.* 

#  No  plotting  of  spirals  or  curves  required.  Machine  computes 
as  it  runs  for  the  best  transition. 

#  No  disturbing  or  humping  of  track  —  lining  takes  place 
simultaneously  with  lifting  and  tamping  ahead  of  tamping 
tools. 

#  With  the  Autoliner,  it  is  possible  to  make  a  minute  throw 
and  have  it  stay  there  because  tamping  is  done  in  correct 
alignment. 

*Modei  ALT  for  Tangent  track  and  Model  ALC  for  Tangent 
and  Curve  Track,  both  available  as  attachments  for 
existing  AUTOJACK  ELECTROMATICS. 

TAMPER   INC. 

Head  Office  &  Plant— 2401  Ed- 
mund Rd.,  West  Columbia  (Colum- 
bia),   S.    C. 

29169    .  803/794-9160 
Plant— 160    St.    Joseph    Blvd., 
Lachine   (Montreal),   Que.,   Canada 

#  514/637-5531 

Parts  Depot — 2147  University 
Ave.,  St.  Paul,  Minn.  55115  • 
612/5055 

Information  on  the  Autoliner  and  Auto- 
jack Electronnatic— or  other  track  main- 
tenance machines,  i$  available  on 
request. 


What's  he  doing  ? 

Pumping  Osmose  ''^ 24-12"  penta  preservative 
solution  into  one  of  thousands  of 
inspection  holes. 

Why? 

To  kill  on  contact  all  wood-destroying 
fungi  and  protect  the  adjacent  healthy  wood 

that's  what  we  mean  by 

inspection  and  in-place  treatment 


OSMOSE  WOOD  PRESERVING  CO.  OF  AMERICA,  INC. 

980  Ellicott  St.,  Buffalo,  N  .  Y.  14209 


ECONOMICAL  TRACK  DRAINAGE 
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The  transformation  in 
drainage  conditions  shown 
in  these  photos  was 
accomplished  with  a 
SPEND  Ballast  Cleaning 
Machine... Time  Tested 
—  and  Proved  — Year 
after  Year  on  the  railroads 
of  the  Nation. 

For  just  a  few  pennies 
per  track  foot  you  can 
have  good  track  drainage 
that  saves  maintenance 
dollars. 


One  of  the  SPENO  Ballast  Cleaning  macMnes. 


Write  or  telephone  for  a  Ballast 
Cleaning  program  for  your  railroad. 


FRANK  SPEND  RAILROAD  DALLAST  CLEANING  co.,  inc. 


Clork  St.,  Eost  Syracuse,   N.Y. 
Ph.  315  437  J547 


306  N.  Cayuga   St.,   tlhaca,  N.Y. 
Ph.  607  272  3313 


Canadian  Sales  Representative:  The  Holden  Co.  lim'rted,  614  SL  James  St  W, 
Montreal  3,  Quebec,  Canada    Phone:  514  849-8131 


THE  TRASCO  CAR   RETARDER 

HUNDREDS  IN  SERVICE 
IN  CLASS  YARD  TRACK 


TRACK  SPECIALTIES  COMPANY 

P.O.  BOX  729  WESTPORT,  CONNECTICUT 
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28 — Clearances    199 

11 — Engineering  and  Valuation   Records 203 

18 — Electricity 219 
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The  reports  in  this  issue  of  the  Bulletin  will  be  presented  to  the  1967  Annual 
Meeting  of  the  Association  at  the  Conrad  Hilton  Hotel,  Chicago,  March  9-10, 
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•  The  contents  of  this  Bulletin  and  the  othei  Bulletins  of  the  Association  from  Bulletin 
601,  September-October  1966,  to  and  including  Bulletin  607,  June-July  1967,  (except  Bulletin 
606,   March    1967),   will  constitute   the   Annual   Proceedings  of   the  Association,   Vol.   68. 
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Those  whose  names  are  shown  in  boldface,  in  addition  to  the  chairman,  vice  chairman 
and  secretary,  are  the  subcommittee  chairmen,  and  those  designated  by  asterisks  constitute  the 
Engineering   Division,   AAR,   Coniniiltce   25. 

To  the  AiJierican  Railway  Engineering  Association: 

Your  committee  reports  on  the  following  .subjects: 

1.  Revision  of  Manual. 
No  report. 

2.  Current  policies,  practices  and  developments  dealing  with  navigation 
projects. 

No  report. 

3.  Bibliography  relating  to  benefits  and  costs  of  inland  waterway  projects 
involving  navigation. 

No  report. 

5.  Review  of  certain  principles  that  may  be  applied  in  determining  eco- 
nomic justification  of  inland  waterway  projects  involving  navigation. 
No  report. 

6.  Planning,  construction  and  maintenance  of  rail-water  transfer  facilities. 
Progress  report,  presented   as   information    page   190 

7.  Relative  merits  and  economics  of  construction  materials  used  in  water- 
front facilities. 

Brief  progress  statement,  submitted   as  information    page   198 

The  Committee  on  Waterways  and  Harbors, 

G.  R.   Collier,  Chairman. 


AREA  Bulletin  603,  December  1966. 
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Report  on  Assignment  6 

Planning,  Construction  and  Maintenance  of  Rail — 
Water  Transfer  Facilities 

R.  L.  Pettegrew  (chairman,  subcommittee),  R.  L.  Bostian,  W.  E.  Corbet,  P.  P. 

DUNAVANT,    W.    H.    ESCHWIG,    J.    C.    FeNNO,    J.    H.    FiTZPATRICK,    J.    E.    FOREMAN, 

H.  M.  Gresham,  C.  E.  Helmle,  E.  S.  Laws,  E.  C.  Lawson,  R.  D.  Lowery, 
J.  G.  Miller,  A.  C.  Parker. 

Your  committee  submits  as  information  the  following  report  pertaining  to  the 
maintenance  of  marine  pier  facilities.  The  report  is  based  on  current  research  being 
conducted  by  the  Engineering  Department  of  the  Port  of  New  York  Authority,  and 
was  presented  originally  at  the  22nd  Annual  Conference  of  the  National  Association 
of  Corrosion  Engineers  in  April   1966. 


Corrosion  of  Marine  Steel   Piling 

Corrosion  of  piling  constitutes  a  major  problem  in  any  tidewater  seaport.  Main- 
tenance of  steel  pilings  beneath  wharves  and  piers,  particularly  when  such  struc- 
tures are  erected  in  salt  tide  waters,  can  be  a  source  of  definite  concern  and  con- 
siderable expense.  This  is  so  because  corrosion  can  be  rapid,  and  replacement  of 
pilings  can  be  difficult,  if  not  virtually  impossible.  Thus,  the  problem  merits  serious 
consideration  and  analysis. 

In  recent  years  all  marine  structures  erected  by  The  Port  of  New  York  Author- 
ity, which  utilize  steel  substructure  piling,  have  incorporated  facilities  for  the  reduc- 
tion of  corrosion  in  the  form  of  cathodic  protection.  However,  other  marine  struc- 
tures ranging  in  age  up  to  approximately  40  years  have  never  received  cathodic 
protection,  while  still  others  have  been  protected  for  only  a  portion  of  the  time 
since   their  construction. 

It  was  the  intent  of  this  survey  to  observe  the  present  condition  of  unprotected 
structures  and  to  verify  the  effectiveness  of  the  cathodic  protection  systems,  utiliz- 
ing experimental  and  statistical  techniques  together  with  actual  measurement  of 
metal  thickness  underwater.  The  following  case  history  discusses  a  37-year-old 
waterfront  structure  and  presents  a  brief  summary  of  the  data  gathered  to  date. 

For  the  measurement  of  metal  thickness  underwater,  ultrasonic  devices  were 
found  to  give  satisfactory  accuracy  when  provided  with  a  probe  (or  transducer) 
modified  for  such  use.  The  inspection  team  consists  of  a  technician,  a  diver  and  the 
diver's  tender.  Experience  to  date  indicates  that  the  technician  who  operates  the 
pier-based  instrument  must  be  in  telephonic  communication  with  the  diver.  The 
diver  prepares  the  metal  surface  by  scraping  prior  to  placing  the  probe.  The  final 
position  of  the  probe,  chosen  to  eliminate  background  hash  and  scatter  on  the  oscil- 
loscope screen  of  the  indicating  instrument,  is  guided  by  the  technician.  The  team 
reaches  a  proper  degree  of  proficiency  only  after  it  has  been  working  together  for 
some  time.  During  this  period  the  efficiency  of  the  team  continues  to  improve 
according  to  a  typical  learning  curve.  An  experienced  team  can  take  approximately 
50  measurements  in  a  working  day.  This  represents  3  to  4  elevations  at  12  to  17 
locations  along  a  structure. 
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InspeL-tion  of  a  sheet-pile  bulkhead  or  group  of  H-piles  in  a  pier  substructure 
must  follow  a  carefully  devised  sampling  plan  based  upon  a  statistical  approach 
(Figure  1).  The  number  of  readings  taken,  or  die  size  of  the  sample  chosen  to 
represent  the  whole,  can  be  adjusted  as  the  work  progresses  to  be  corLsistent  with 
the  observed  variation  in  metal  thickness  and  the  required  accuracy  of  the  survey. 
In  this  study  both  random  number  and  Latin  square  techniques  in  selecting  loca- 
tions for  sampling  were  used.  The  number  of  possible  locations  sampled  ranged 
from  less  than  5  percent  to  20  percent  of  the  total.  (Corrosion  is,  of  course,  greatest 
at  the  Mean-Low-\\'ater  elevation  of  a  submerged  pile.  However,  this  elevation 
does  not  necessarily  represent  the  location  of  the  maximum  structural  stress  in  a 
bulkhead.  For  this  reason,  the  Mean-Low-Water  elexation  was  not  emphasized  in 
laying  out  the  sampling  programs. ) 

The  survey  of  Clinton  \\'harf  in  Brooklyn  is  a  prime  example  of  the  technique 
employed.  Located  at  the  south  end  of  Atlantic  Basin,  it  is  a  steel  sheet-pile  bulk- 
head 220  ft  long.  This  is  the  oldest  waterfront  structure  with  steel  piling  at  a  Port 
Authority  facility'.  It  was  purchased  from  the  original  owner  in  1958.  The  steel 
piling  was  dri\en  in  1927  and,  to  the  best  of  oui  knowledge,  this  bulkhead  has  had 
no  protection  from  corrosion  for  over  35  years.  The  14-in-wide,  AP-15  sheet  piles 
are  U-shaped,  with  alternate  sheets  facing  inward  and  outward  with  respect  to  the 
shore  ( Figure  2 ) .  These  piles  are  not  uniform  in  cross-sectional  thickness;  the 
original  nominal  metal  thickness  is  i^g  in  (0.4375)  at  the  center  and  increases  to 
%  in  (0.750)  at  the  edges. 

The  waters  are  relati\ely  calm  along  this  wharf.  In  the  southeast  corner  of  the 
wharf,  near  the  adjoining  Pier  11,  a  sanitary  sewer  empties  into  the  basin.  The 
debris  accumulated  in  this  area  normally  extends  for  a  distance  of  some  15  to  20  ft 
along  the  bulkhead.  The  sewer  adds  to  the  already  stagnant  condition  of  the  water 
by  introducing   further  contamination. 

Visual  inspection  of  the  wharf  indicated  heav\'  rust  scaling  above  Mean  Low 
Water,  and  ver>'  extensive  pitting  at  Mean  Low  Water.  Perforation  of  the  sheeting 
was  observed  in  two  locations,  .30  ft  apart,  located  in  the  easterly  third  of  the  bulk- 
head closest  to  the  sanitary  sewer. 

The  bulkhead  was  surveyed  by  the  diver-technician  team,  and  a  total  of  62 
readings  of  metal  thickness  made.  A  table  of  random  numbers,  to  select  horizontal 
locations  and  water  depths  for  the  observations,  was  employed.  The  diver  was 
instructed  to  place  the  probe  as  close  to  the  center  of  each  pile  as  possible,  where 
the  metal  was  tliinnest,  but  since  the  turbid  nature  of  the  water  made  it  necessary 
for  him  to  work  entirely  by  feel,  some  variations  undoubtedly  occurred.  The  mean 
thickness  of  metal  estimated  from  the  measurements  was  0.340  in,  with  a  standard 
deviation   of  0.069. 

Approximately  six  months  after  the  aforementioned  tests  were  made,  it  was 
decided  to  undertake  a  more  exhaustive  corrosion  survey  of  Clinton  Wharf.  Tlic 
purpose  was  twofold — to  enable  the  diver  to  examine  all  portions  of  the  wharf  for 
structural  weakness  (i.e.,  perforation  or  extremely  thin  metal)  and  to  i^rovide  a 
comparison  with  the  initial  statistical  survey.  Essentially  all  of  the  sheets  in  the 
wharf  were  inspected  at  each  1-ft  level  down  to  —  10  ft  and  less  frequent  inter- 
vals down  to  the  mudline.  In  excess  of  1000  readings  were  taken,  but  the  work 
progressed  rapidly. 

The  results  of  this  complete  sur\ey  indicated  a  mean  value  of  metal  thickness 
of   0.347,    with    a    standard   dexiation    of   0.073.    Nine   additional   perforations    were 


192 Waterways    and    Harbors 

discovered  between  Mean  Low  Water  and  the  — 5  ft  level.  Thirty  of  the  sheets 
were  so  thin  (about  0.10'  in)  that  the  diver  scraped  through  the  metal  in  cleaning 
the  surface. 

The  metal-thickness  data  may  be  examined  by  plotting  it  on  probability  paper 
(Figure  3).  When  essentially  straight  lines  are  obtained,  indicating  a  normal  dis- 
tribution, it  is  then  possible  to  draw  conclusions  as  to  the  percent  of  the  bulkhead 
area  having  a  thickness  greater  than  that  required  for  structural  integrity.  (In  cor- 
rosion surveys  at  the  Port  Authority,  the  data  for  each  of  the  several  water  depth 
levels  are  plotted,  as  well  as  for  the  entire  structure.) 

A  significant  portion  of  the  thickness  measurements  showed  values  greater  than 
the  original  nominal  thickness  of  t's  in.  In  part,  tliis  may  be  ascribed  to  the  inability 
of  the  diver  to  center  the  probe  precisely  on  each  sheet.  Steel  roUing-mill  tolerances 
also  may  have  permitted  the  production  of  a  thicker-than-normal  sheet  pile.  The 
records  available  to  the  Port  Authority  from  the  original  owner  did  not  provide  the 
answers  to  explain  these  variables.  In  estimating  metal  loss  over  the  years,  an  orig- 
inal metal  thickness  of  /z  in  was  arbitrarily  assumed.  For  Clinton  Wharf,  an  average 
rate  of  metal  loss  of  4.4  mils  per  year  for  the  whole  structure  was  calculated. 

All  of  the  perforations  observed,  as  well  as  the  scraped  holes,  were  in  the 
outward-facing  sheets,  and  it  was  soon  apparent  that  the  inward-facing  sheets  had 
corroded  significantly  less  than  the  outward-facing  piling  (Figure  4).  The  average 
thicknesses  were  0.385  and  0.300,  respectively.  This  phenomenon  was  apparent  at 
all  levels  down  to  the  mudline  and  can  probably  be  ascribed  to  the  eff^ect  of  stray 
electric  currents  at  some  time  in  the  past. 

The  variation  in  metal  thickness  with  depth  of  water  for  the  piling  showed 
the  usual  pattern  (Figure  5).  Maximum  corrosion  occurred  at  the  Mean-Low- Water 
level  and  was  progressively  less  at  greater  depths.  The  inward-  and  outward-facing 
sheet-pile  groups  showed  the  same  corrosion  profiles  with  depth  around  their  respec- 
tive mean  metal  thicknesses. 

It  is  to  be  noted  that  the  outward-facing  sheets,  which  at  each  depth  level  had 
greater  corrosion  than  the  inward-facing  sheets,  similarly  had  larger  standard  devia- 
tions. (Figure  6).  However,  at  levels  below  —  1  ft,  the  ratio  of  standard  deviation 
to  the  mean  corrosion  was  generally  smaller  for  the  outward-facing  sheets,  thus 
suggesting  that  the  heavier  corrosion  experienced  by  them  was  slightly  more  uniform 
in  its  action. 

In  summary,  the  Port  of  New  York  Authority  is  well  satisfied  with  the  capabil- 
ity of  ultrasonic  devices  to  measure  the  tliickness  of  metal  underwater.  The  infor- 
mation gained  thus  far  concerning  the  corrosion  of  steel  in  the  waters  surrounding 
Port  Authority  structures  is  being  used  in  current  designs.  It  will  be  augmented  by 
periodic  surveys  in  the  future,  and  by  the  gathering  of  supplemental  information 
such  as  pH,  salinity,  temperature,  dissolved  oxygen,  etc. 
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TYPICAL  DISTRIBUTION  OF  SAMPLE 
LOCATIONS  FOR  STEEL  SHEET  PILE 
BULKHEAD   SURVEY 
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CLINTON  WHARF- 
METAL  THICKNESS  MEASUREMENTS 
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Figure  3 
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CLINTON  WHARF -COMPARISON  OF  METAL  THICKNESS 
MEASUREMENTS-INWARD  FACES  vs.  OUTWARD  FACES 
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CLINTON  WHARF- 
ELEVATIONS  vs.  METAL  THICKNESS 
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CLINTON  WHARF  METAL  CORROSION 
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Report  on   Assignment  7 

Relative  Merits  and  Economics  of  Construction  Materials 
Used  in  Waterfront  Facilities 

Shu-t'ien  Li  (chainiian,  subcommittee),  W.  Binzen,  W.  E.  Corbet,  B.  M.  Dorn- 
BLATT,  W.  H.  EscHwiG,  J.  H.  FiTZPATRiCK,  E.  S.  Laws,  E.  C.  Lawson,  F.  J. 
Olsen. 

Under  this  assignment  your  committee  submitted  two  reports  prepared  by  Pro- 
fessor Shu-t'ien  Li — one  entitled,  "Recommended  Practice  for  Prestressed  Concrete 
Pihng  in  Waterfront  Facilities,"  and  the  other,  "The  Furtherance  of  Prestressed 
Concrete  Piling  Technology." 

In  reviewing  these  two  reports  the  Committee  on  Publications  of  the  Board 
of  Direction  decided  that  they  both  come  under  the  jurisdiction  of  Committee  8 — 
Masonry,  rather  than  Committee  25 — Waterways  and  Harbors,  because  they  both 
deal  primarily  with  the  technology  of  prestressed  concrete  piles  rather  than  the  rela- 
tive merits  and  economics  of  this  construction  material  as  it  pertains  to  waterfront 
facilities.  So  these  reports  were  both  submitted  to  Committee  8  for  review,  revision 
as  deemed  necessary,  and  possible  publication  under  its  auspices. 
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Report  of   Committee   28 — Clearances 
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Committee 


(  E )  Member  Emeritus. 

Those  whose  names  are  shown  in  boldface,  in  addition  to  the  chairman,  vice  chairman 
and  secretary,  are  the  subcommittee  chairmen,  and  those  designated  by  asterisks  constitute  the 
Engineering    Division,    AAR,    Committee    28. 

To  the  American  Railway  Engineering  Association: 

Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

No  report.  The  committee  is  presently  reviewing  the  Clearance 
Diagrams — Fixed  Obstructions,  Figs.  1  through  8,  with  special  refer- 
ence to  the  effect  of  the  increased  size  of  cars  which  have  come  into 


2.  Compilation  of  the  railroad  clearance  requirements  of  tlie  various  states. 
No  report.  The  committee  has  completed  a  recent  survey  to  determine 
any  changes  in  state  clearance  requirements  and  is  presently  revising 
the  chart  previously  published  in  Bulletin  561,  December  1960,  fol- 
lowing page  412.  The  committee  expects  to  have  the  revision  com- 
pleted so  that  the  revised  chart  can  be  presented  in  its  report  nexi 
year. 

3.  New  methods  and  electronic  devices  for  recording  measurements  of 
clearances  of  structures  along  right-of-way  and  overall  dimensions  of 
cars  and  loads  in  yards  and  at  interchange  points,  looking  to  the  pos- 
sible use  of  a  computer  program  for  routing  high  and  wide  loads. 
No  report.  Developments  in  electronic  devices  for  recording  clearance 
measurements  of  fixed  obstructions  were  presented  in  Bulletin  582, 
December  1963,  pages  341  and  342.  The  committee  has  requested  an 
appropriation  in   the   1967   Engineering  Division  Budget  for  investiga- 
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tion  of  the  possible  use  of  some  type  of  electronic  device  for  measur- 
ing the  overall  dimensions   of  cars  and  loads.  At  least  two  roads  are  M 
presently   utilizing   a    computer   for   routing   high-and-wide   loads,   and  ^ 
three   or   more   roads   are   currently   developing   computer  programs  to 
enable  them  to  do  so. 

4.  A  study  of  the  restrictions  that  the  clearance  personnel  in  the  engi- 
neering departments  of  the  various  railroads  furnish  their  transporta- 
tion and/ or  operating  departments  for  the  handling  of  loads  of  exces- 
sive sizes  and  weights. 

Brief  progress   report,   presented   as   information    page  201 

5.  Clearance  allowances  to  provide  for  vertical  and  horizontal  move- 
ments of  equipment  due  to  lateral  play,  wear  and  spring  deflection, 
collaborating  with  the  Mechanical  Division,  AAR. 

The  data  obtained  during  April  1965  test  runs  using  high-cube  box 
cars  have  not  yet  been  released.  The  Joint  Committee  on  Relation 
Betsveen  Track  and  Equipment  has  requested  an  appropriation  in  1967 
for  further  tests  on  piggyback  cars,  these  tests  to  cover  the  torsional  as 
well  as  the  lateral  and  vertical  oscillations  of  piggyback  cars. 

6.  Feasibility  of  formulating  a  more  complete  method,  for  use  of  Trans- 
portation Departments,  in  reporting  loads  of  excessive  dimensions  to 
minimize  necessity  for  requesting  additional  information,  collaborating 
with  Mechanical  Division,  AAR. 

Proposed  instructions  and  procedures  were  developed  and  submitted — 
through  the  executive  secretary's  office — to  the  Mechanical  Division  for 
review,  and  their  Committee  on  Loading  Rules  suggested  certain  minor, 
but  constructive  and  appropriate,  changes.  These  changes  are  being 
made,  and  the  committee  plans  to  resubmit  the  instructions  and  proce- 
dures very  shortly  to  the  executive  seretary  for  final  review  and  ap- 
proval by  the  Mechanical  Division,  with  the  expectation  that  these 
instructions  and  procedures  can  be  presented  in  next  year's  report. 

The  CoMMiTi-EE  on  Clearances, 

J.  A.  Crawford,  Chairman. 
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Report   on   Assignment  4 

A  Study  of  the  Restrictions  That  the  Clearance  Personnel  in  the 

Engineering  Departments  of  the  Various  Railroads  Furnish 

Their  Transportation   and/or  Operating   Departments 

for  the  Handling  of  Loads  of  Excessive  Sizes 

and  Weights 

G.  P.  Hl-hlein  (chairman,  subcommittee),  G.  J.  Adams,  J.  D.  Batchelder,  E.  S. 
BiRKENWALD,  D.  H.  Brown,  J.  A.  Crawford,  G.  p.  Fosque,  W.  T.  Hammond, 
C.  F.  Ixtlekofer,  O.  H.  Jensen,  J.  L.  Kampwerth,  W.  I.  King,  E.  C.  Law- 
son,  B.  W.  McCuRDY,  J.  R.  Moore,  M.  D.  Murphy,  R.  C.  Nissen,  R.  C.  Rankin, 
A.  G.  Richmond,  E.  C.  Smith,  M.  Van  Kuiken,  M.  E.  Vosseller,  R.  L. 
Williams. 

Your  committee  has  drafted  a  questionnaire  concerning  the  assigned  subject, 
which  will  be  sent  to  all  members  of  the  committee.  The  questionnaire  is  divided 
into  four  parts,  as  follows: 

1.  General  Information — Questions  to  determine  the  type  of  operation  each 
railroad  company  employs  and  the  duties  of  the  clearance  engineer. 

2.  Weight  Restrictions — Questions   to  determine  the   various   restrictions  that 
pertain  only  to  excessively  heavy  loads. 

3.  General  Restrictions- — Questions  to  determine  those  restrictions  that  accom- 
pany most  high-and-wide  loads. 

4.  Special    Restrictions — Questions    to    determine    the    restrictions    for    those 
loads  that  require  extra  care  and  attention. 

Upon  return  of  the  questionnaires,  your  committee  will  analyze  and  review  the 
information  received.  A  report  will  then  be  made  from  these  findings. 
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'Howard  R.  Williams, 

Chairman 
'].  Bert   Byars, 

Vice  Chairman 
'R.  S.  Shaw,  Jr., 

Secretary 
'].  L.  Manthey 
'J.   H.   Robinson 
'M.  C.  Wolf 
'L.  F.  Grabowski 

'H.     C.    BOLEY 

'C.  R.  Dolax 


"R.  D.  iGou 

F.  B.  Baldwin   (E) 
R.  O.  Bassett 

G.  R.  Berquist 

B.  A.  Bertenshaw  ( E ) 
P.  J.  Beyer,  Jr. 

M.    W.    BONNOM 

J.  M.  Bourne 

C.  E.  Bynane 

P.  L.   Conm'ay,  Jr. 

C.    J.    COSNER 

R.   L.  Eaj:.\' 
R.  F.  Garner 
W.  S.  Gates! 
\V.    M.    Hager 
C.  C.  Haire  (E) 
Nelson  Hammond 
J.  E.  Hebbron 
M.  J.  Hebert 
P.  J.  Hendricksen 
J.  J.  Hoolahan 
J.  A.  L.  Houston 
L.  W.   Howard 
R.  A.  Johnson 
N.  J.  Hull,  Jr. 
W.  C.  Kanan 
W.  H.   Kiehl 
J.  G.  KmcHEN 
W.  A.  Krauska 
M.  W.  Krug 


R.  A.  Lariviere 
J.  W.   Laurent 
C.  E.  Lex,  Jr. 
J.  G.  Maker 
M.  F.  McCorcle 
J.  W.  McDonnell 
F.  J.  Merscher 
C.  W.  Meyer 
L.  V.  Milligan 
J.   M.   Morgan 
M.    L.    Myers,   Jr. 

B.  F.  Nauert 
J.  J.  O'Hara 

C.  F.  Olson 
W.  J.  Pease 

H.  L.  Restall  (E) 

F.  A.  Roberts 

G.  S.  Rogers 

J.  W.  Rowland 
R.  L.  Samuell 
G.  W.  Smith 
J.  E.  Stein 
C.   H.  Stewart 
E.  E.  Strickland 
J.  B.  Styles 
E.  G.  Terrell 
T.   A.  Valacak 
J.  J.  Weisbecker 
Louis  Wolf   ( E ) 

Committee 


(  E )  Member  Emeritus. 

t  Deceased. 

Those  whose  names  are  shown  in  boldface,  in  addition  to  the  chairman,  vice  chairman 
and  secretary,  are  the  subcommittee  chairmen,  and  those  designated  by  asterisks  constitute  the 
Engineering    Division,    AAR,    Committee    11. 

To  the  American  Railway  Engineering  Association: 

Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

Brief  progress   statement,  presented  as   information    page  206 

2.  Bibliography. 

Progress  report,   submitted   as   information    page  206 

3.  Office  and  drafting  practices. 

Progress  report,   submitted   as  information    page  209 

4.  Special  Studies. 

Progress    report   on    the    development   and    use    of   average   prices   for 
retirements  in  track  accounts,   submitted  as  information    page  211 
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5.  Application   of  data  iDrocessing: 

(a)  Accounting  phases, 

(b)  Engineering  phases. 

Brief  progress   statement,  presented  as  information    page  216 

6.  Valuation  and  depreciation: 

(a)  Current  developments  in  connection  with  regulatory  bodies  and 
courts. 

(b)  ICC  valuation  orders  and  reports. 

(c)  Development  of  depreciation  data. 

Progress   report,    submitted    as   information    page  216 

7.  Revision  and  interpretations  of  ICC  accounting  classifications. 

Only   minor  changes   occurred  this  past  year  which  the   committee  is 
investigating;  accordingly,  no  report  is  submitted. 

The   Committee   on   Engineering  and  Valuation   Records, 

Howard  R.  Williams,  Chairman. 
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J^ugf)  JSeuforb  ^ampsfon 

1900=1966 

Hugh  Beauford  Sampson,  retired  valuation  engineer  of  The  Washington  Ter- 
minal Company,  was  born  December  8,  1900,  in  Sampson,  Augusta  County,  Va., 
and  passed  away  in  Takoma  Park,  Md.,  on  February  23,  1966. 

Mr.  Sampsort  entered  railway  service  on  the  Southern  Railway  as  a  clerk  in 
August  1916,  and  held  various  positions  with  that  company,  including  junior  engi- 
neer and  assistant  engineer. 

In  January  1942,  Mr.  Sampson  was  appointed  valuation  engineer  of  The  Wash- 
ington Terminal  Company,  and  remained  in  that  position  until  his  retirement  in 
December  1965. 

The  American  Railway  Engineering  Association  admitted  Mr.  Sampson  to  its 
membership  in  1944,  and  he  actively  participated  in  the  work  of  its  Committee  on 
Engineering  and  Valuation  Records  imtil  his  retirement. 

Mr.  Sampson  held  a  degree  of  Bachelor  of  Science  in  Civil  Engineering  from 
the  University  of  Maryland  and  studied  accounting  at  George  Washington  Univer- 
sity in  Washington,  D.  C. 

Mr.  Sampson  was  an  active  member  of  the  Memorial  Evangelical  United 
Brethren  Church,  Silver  Spring,  Md.,  a  member  of  its  Board  of  Trustees,  and  its 
treasurer  for  over  20  years.  He  was  also  a  charter  member  of  the  Railway  Employees 
Federal  Credit  Union  and  served  on  its  Credit  Committee  for  17  years.  Tliis  work 
led  to  his  association  with  the  District  of  Columbia  Credit  Union  League  which  he 
served  as  treasurer. 

Mr.  Sampson  was  a  member,  and  in  1932  served  as  worshipful  master,  of  the 
Birmingham  Lodge  A.F.  &  A.M.  at  Beltsville,  Md.  He  was  also  a  member  of  the 
Birmingham  Chapter,  Order  of  the  Eastern  Star. 
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Mr.  Sampson  is  sur\ived  by  his  widow,  Margaret,  of  Rockville,  Md.,  and  two 
sons,  Hugh  B.,  Jr.,  of  Rockville,  and  Harley  G.  of  Lanham,  Md.;  a  brother,  David 
G.;  six  sisters,  Mrs.  John  Mehaffie,  Mrs.  Loyd  Anderson,  Mrs.  Edwin  M.  Sliort,  Mrs. 
Emory  Deny,  Miss  Beulah  Sampson,  and  Miss  Katherine  Sampson;  and  three 
grandsons. 

P.  L.  Conway,  Jr. 
F.  A.  Roberts 
J.  B.  Styles 
Committee   an    Memoir 


€l>tDtn  Mlallace  (gtfasfon 
1895=1966 

Edwin  Wallace  Gibson,  retired  engineer  capital  expenditures,  Chicago,  Burling- 
ton &  Quincy  Railroad,  suffered  a  fatal  heart  attack  on  March  19,  1966,  while  vaca- 
tioning in  Clearwater,  Fla.  He  is  survived  by  his  wife,  Martha,  of  Aurora,  111.,  a 
daughter,  Mrs.  Mary  Runninger  of  Rome,  Ga.,  and  a  son,  Robert,  of  Boulder,  Colo. 

Mr.  Gibson  \\'as  born  December  7,  1895,  at  Rochelle,  111.,  and  attended  school 
there  and  at  Aurora,  graduating  from  West  Aurora  High  School.  He  entered  the 
service  of  the  Burlington  in  1914  as  a  carpenter  and  continued  his  education  with 
an  I.C.S.  course  in  architecture.  He  transferred  to  the  Valuation  Department  in 
1917,  as  an  assistant  pilot  with  ICC  structural  parties,  interrupting  his  service  for  14 
montlis  of  army  duty.  He  resumed  his  service  on  the  Burlington  as  engineer  inspec- 
tor for  the  engineer  of  buildings  in  1919  and,  in  1924,  transferred  to  office  of  engi- 
neer of  capital  expenditures  as  assistant  engineer.  After  serving  in  several  capacities 
he  was  appointed  engineer  capital  expenditures  in  September  1958  and  held  this 
position  until  his  retirement  on  December  31,  1963. 

Mr.  Gibson  joined  the  American  Railway  Engineering  Association  in  1957  and 
served  on  Committee  11  from  1959  to  1965.  He  had  a  keen  interest  in,  and  imder- 
standing  of,  railroading  as  a  whole  and  this,  coupled  with  Jiis  knowledge  of  engi- 
neering and  valuation  matters,  enabled  him  to  materially  assist  the  committee  in  its 
work,  through  his  comments,  suggestions  and  ideas.  He  always  recognized  and 
respected  another's  right  to  opinions  differing  from  his  own  and  did  not  hesitate  to 
admit  when  he  was  in  error. 

It  is  with  regret  and  sorrow  that  we  record  the  passing  of  one  who  served  the 
committee  well. 

J.   H.  Robinson 
B.  F.  Nauert 
W.  J.  Pease 
Committee   on    Memoir 
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Report  on  Assignment   1 
Revision  of  Manual 

J.  L.  Manthey  (chairman,  subcx)mmittee ) ,  L.  V.  Milligan  (asst.  chairman,  sub- 
committee), G.  R.  Berquist,  p.  J.  Beyer,  Jr.,  C.  J.  Cosner,  Nelson  Ham- 
mond, M.  J.  Hebert,  J.  J.  HooLAHAN,  M.  F.  McCoRCLE,  M.  L.  Myers,  Jr., 
C.  F.  Olson,  F.  A.  Roberts,  J.  H.  Robinson,  R.  S.  Shaw,  Jr.,  G.  W.  Smith, 
C.  H.  Stewart,  H.  R.  Williams,  M.  C.  Wolf. 

Review  of  Part  1   of  Chapter  11  is  under  way,  which  includes  updating  the 
text  and  Manual  forms  in  the  light  of  present-day  practices. 


Report  on  Assignment  2 
Bibliography 

J.  B.  Byars  (chairman,  subcommittee),  P.  J.  Beyer,  Jr.,  H.  C.  Boley,  C.  R.  Dolan, 
J.  A.  L.  Houston,  L.  W.  Howard,  R.  D,  Igou,  C.  E.  Lex,  Jr.,  J.  L.  Manthey, 
J.  J.  O'Hara,  C.  F.  Olson,  W.  J.  Pease,  J.  H.  Robinson,  H.  R.  Williams, 
M.  C.  Wolf. 

Your  committee  submits  the  following  report  of  progress,  which  presents  addi- 
tional references  with  annotations. 

Accounting 

Traffic  World,  Feb.  19,  1966,  page  33,  "Differing  Accounting  Rules  of  ICC  and 
IRS  Result  in  Carrier  Harassment." 

This  is  an  excellent  resume  and  discussion  of  an  article  entitled  "Regulator}' 
DifFerences  Affecting  Railroad  Accounting"  appearing  in  The  Federal  Accountant, 
Vol.  XV,  No.  1,  written  by  Edward  R.  Jelsma,  head  of  the  firm  of  E.  R.  Jelsma 
and  Associates,  and  former  director  of  the  ICC's  Bureau  of  Transport  Economics 
and  Statistics.  It  discusses  differences  in  depreciation  rates,  particvilarly  since  the 
1962  guideline  depreciation,  interest  during  construction,  the  $500  minimum  rule, 
retirement  losses,  and  problems  relating  to  AFE  work,  including  just  what  costs  are 
to  be  capitalized  and  what  costs  are  to  be  charged  to  operating  expenses. 

The  article  suggests  that  the  two  governmental  agencies  could  benefit  them- 
selves, the  nation's  transportation  system  and  the  public  in  general  if  they  would 
direct   their   talents   toward   resolving   their  many  minor  but  oppressive  differences. 

Office  Procedure 

Progressive  Railroading,  Nov.-Dec.  1955,  pages  36-42',  "Scientific  Railroading," 
by  J.  W.  Demcoe,  vice  president,  transportation  &  maintenance,  Canadian  National 
Railways. 

A  discussion  of  the  use  of  computers  for  planning  train  operations  and  solving 
operational  problems  such  as  train  scheduling,  the  efficient  dispatching  of  trains 
over  a  territory,  the  efficient  use  of  classification  yards  to  minimize  throughput  time, 
the  optimum  distribution  and  assignment  of  diesel  units,  and  the  effective  distribu- 
tion and  utilization  of  the  freight  and  passenger  car  fleets. 
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Railway  Affe,  Nov.  1,  1965,  page  34,  "Desktop  Computer." 
Describes  a  new  desktop  computer  which  has  the  four  computer  fundamentals: 
it  can  run  programs  calling  for  a  long  series  of  arithmetical  operations;  it  can  store 
or  "remember"  the^e  programs;   it  can  print  clearly  identifiable  results;   and  it  can 
make  logical  decisions  by  itself. 

Business  Week,  Dec.  18,  1965,  pages  122-126,  "Doubling  the  freight  car's 
workday." 

A  resume  of  what  the  railroad  industry  has  accomplished  in  electronics  through 
data  processing,  computerization,  microwave,  etc.  This  has  resulted  in  increasing 
the  "work  day"  of  freight  cars,  aiding  shippers  and  doubling  profits.  This  article 
also  covers  various  innovations  and  methods  being  tried  by  many  different  railroads 
in  the  constant  effort  to  further  improve  and  perfect  electronic  systems  in  use  and 
those  still  in  the  planning  stage. 

Railway  Track  and  Structures,  March  1966,  pages  27-31,  "EDP  spotlights 
machine  output  on  MoPac." 

The  Missouri  Pacific  Railroad  has  set  up  a  data-processing  system  to  analyze 
maintenance  of  way  equipment  performance,  answering  such  questions  as  to  where 
such  machines  as  tampers,  liners,  ballasters,  brush  cutters  and  cranes  are  working, 
how  they  are  producing;  how  much  train  and  weather  delays  are  being  encoun- 
tered, etc.  The  computer  data  also  provides  the  information  needed  to  decide  when 
a  machine  should  be  retired  or  replaced  and  a  comparison  between  similar  machines 
of  various  makes  to  aid  in  new  purchases. 

Administrative  Manngement,  Jan.,  1966,  pages  15-23,  "1970 — Ready  or  Not  It's 
Coming." 

A  series  of  articles  describing  aspects  of  the  office  of  the  1970's,  examining 
developments  in  information  processing  and  their  implications  in  the  areas  of  office 
systems,  equipment  and  personnel,  as  follows: 

1.  Systems:    1970 

Computer  Link-ups  for  Every  Office. 

2.  Equipment:    1970 

New   Breed   Office   Machine   is   Faster,   Smaller,   Versatile. 

3.  Personnel:    1970 

Needed:    People  Who   See  Administration  Over-all. 

Reproduction  Methods  Far  Business  and  Industry,  March  1966,  Vol.  6,  No.  3, 
pages  541-55,  "They've  Been  Working  On  The  Railroad. 

The  Lehigh  Valley  Railroad  has  set  up  a  system  for  handling  paperwork  at  a 
50  percent  reduction  in  cost.  The  billing  department,  using  an  electrostatic  copier 
and  an  offset  duplicator,  transfers  information  from  freight  waybills  to  freight  bills, 
while  the  transportation  department  switched  to  the  offset  duplicator  to  reproduce 
its  daily  transportation  report.  This  new  system  not  only  expects  to  save  the  railroad 
"iome  $14,000  a  year  but  greatly  reduces  the  chance  for  errors. 

Business  Week,  May  28,  1966,  page  188,  "Box  Finds  a  Memory  for  Film." 
A  new  system  for  storing  and  retrieving  microfilmed   data.   It  consists  of  car- 
tridges of  small  cigaret-size  flip-top  boxes  which  hold  microfilm  chips  of  maps,  blue- 
prints and  other  records.  They  are  stored  in  a  compact,  wall-storage  system  and  can 
be  pulled  for  viewing  in  a  maximum  of  10  seconds. 
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Modern  Railroads,  June  1966,  pages  134-138,  "Computer  Controls  MoPac  P&S." 
Timely,  acciu-ate  data  transmission  is  heart  of  computerized  materials  system, 
which  controls  stock  levels,  reorders  supplies  automatically,  and  handles  all  account- 
ing chores.  This  computer  system,  the  first  controlling  purchasing,  warehousing  and 
accounting  for  railroad  materials  and  supplies,  is  now  fully  operational  on  the 
Missouri  Pacific   System. 

Search  (A  publication  of  Aero  Service  Corporation),  pages  8-9,  "Computer  Pro- 
gram Helps  Railroads  Keep  Records  on  the  Right  Track." 

A  new  system  of  photographing  the  entire  system  of  a  railroad  and  fastening 
the  negatives  on  5-  by  8-in  cards.  All  the  data  in  the  pictures  as  well  as  the  card 
system  is  then  computerized  so  that  any  portion  of  the  railroad  may  be  analyzed  in 
a  short  time. 

News  Front,  Sept.   1965,  "Management  Courts  the  Computer." 
Rapid  advances  in  computer  technology  may  soon  exceed  the  needs  of  industry; 
unless   a    methodology   is    developed   which   standardizes   the   system   approach,   the 
computer  may  become  a  simple  answer  in  search  of  a  sophisticated  problem. 

Computers — Tlieory  and  Uses,  1964. 

A  pamphlet  prepared  by  the  Project  on  Information  Processing  of  the  National 
Teachers  Association  under  a  grant  from  the  International  Business  Machines 
Corporation. 

Reproduction  Methods  for  Business  h-  Industry,  Sept.  19'66,  Vol.  6  &  9,  page 
43,  "Check  Quality  and  Performance  When  You  Buy  Paper." 

The  paper  you  use  in  reproduction  systems  contributes  to  more  than  half  of 
the  duplicating  cost.  When  buying  paper,  therefore,  consider  the  following 
suggestions: 

1.  Consider  quality  as  well  as  price. 

2.  Examine  both  physical  and  functional  properties. 

3.  Select  the  right  paper  for  the  duplicating  or  printing  process  you  have 
in  mind.  Then  place  a  trial  order  and  give  it  a  thorough  test. 

Taxes 

Modern  Railroads,  April  1966,  page  33,  "Report  from  Washington." 

A  discussion  of  the  status  of  taxation  problems,  both  old  and  new,  facing  rail- 
roads in  1966.  First,  the  Treasury  Department  after  meeting  with  railroad  men  for 
nearly  three  years,  rejected  the  tax  relief  plan  involving  grading  and  tunnel  bores. 
However,  Treasury  suggested  an  alternate  plan  exploring  the  possibility  of  recover- 
ing the  investment  by  a  write-off  of  track  accounts. 

The  second  problem  concerns  the  7-percent  investment  credit  written  into  the 
Internal  Revenue  Code  four  years  ago.  Senator  Albert  Gore,  (D)  Tennessee,  wants 
to  repeal  this  measure  as  a  means  to  raise  revenue  for  the  Viet  Nam  war.  Such 
action  will  be  strenuously  resisted  by  the  railroad  industry. 

The  third,  an  old  problem,  is  the  discriminatory  taxation  on  carrier  property  as 
compared  to  the  tax  levied  on  other  industries.  The  railroads  are  continuing  a  six- 
year  fight  in  Congress  and  there  is  good  reason  to  think  that  the  legislators  may  act 
on  the  appeal  this  session. 

Federal  Income  Tax  Developments 

An  address  by  Robert  J.  Casey  given  before  the  annual  meeting  of  the  AAR 
Accounting   Division.   Mr.   Casey  thoroughly  and  technically  discusses  in  detail  the 
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new  depreciation  guidelines  established  in  1962  along  with  investment  credit  and 
the  reserve  ratio  test.  He  tells  us  how  it  has  worked  and  what  to  expect  in  the 
future. 

Railway  Age,  Aug.  29,  1966,  pages  35-37,  "Rolling  Stock — Buy  or  Lease." 
An  interview  with  Brooks  Walker,  Jr.,  president  of  the  United  States  Leasing 

Corp.  Such  important  questions  as  investment  credit,  tax  savings,  and  advantages  in 

leasing,  are  discussed. 

General 

Railroad  Mileage  btj  States 

A  new  pamphlet  by  the  Association  of  American  Railroads,  Bureau  of  Railway 
Economics,  summarizing  the  mileage  operated  by  railroads  in  each  state. 

Handy  Railroad  Atlas  of  the  United  States 

Rand-McNally's  new  railroad  atlas  shows  and  identifies  all  U.  S.  railroads  with 
mileage  between  key  points   and  kinds   of   services  offered. 

The  Appraisal  of  Real  Estate,  1964 

A  book  prepared  by  a  Special  Technical  Committee  of  the  Education  Com- 
mittee of  the  American  Institute  of  Real  Estate  Appraisers. 

Automation  And  The  Middle  Manager,  1966 

A  report  on  a  survey  conducted  for  the  American  Foundation  on  Automation 
and  Employment,  Inc.,  telling  what  has  happened  and  what  the  future  holds. 


Report   on   Assignment   3 
Office  and  Drafting  Practices 

J.  H.  Robinson  (chairman,  subcoimnittee ) ,  P.  J.  Beyer,  Jr.,  J.  M.  Bourne,  J.  B. 
Byars,  Nelson  Hammond,  P.  J.  Hendricksen,  J.  J.  Hoolahan,  W.  A. 
Krauska,  J.  L.  Manthey,  M.  F.  McCorcle,  F.  J.  Merscher,  M.  L.  Myers, 
Jr.,  B.  F.  Nauert,  R.  S.  Shaw,  Jr.,  C.  H.  Stewart. 

Your  committee  submits  the  following  report  of  progress  in  the  gathering  of 
information  pertaining  to  the  microfilming  of  engineering  records  and  reports  and 
the  use  of  modem  drafting-room  aids. 

MICROFILMING  OF  ENGINEERING  RECORDS  AND  REPORTS 

Progress  report  on  microfilming  appeared  on  pages  311  and  312  of  Bulletin 
582,  December  1963,  the  data  for  which  were  secured  in  the  spring  of  1962'.  At 
that  time  few  roads  were  doing  much  along  this  line.  This  is  a  subject,  however, 
which  is  becoming  increasingly  important  as  time  goes  on;  not  only  because  of  the 
filing  space  required  for  the  records  and  reports  that  must  be  made  and  retained, 
but  also  for  security  reasons. 

When  we  consider  the  cost  to  reconstruct  the  underlying  property  records, 
such  as  the  AFE  Register,  Abstract  of  AFE  Charges,  Completion  Reports,  Record 
of  Property  Changes,  etc.,  the  question  is  not  "Can  we  afford  to  do  it"  but  "Can 
we  afford  not  to  do  it."  If  we  should  be  unfortunate  enough  to  sufi^er  a  bad  fire  or 
other  catastroplie  that  resulted  in  the  destruction  of  even  part  of  our  property 
records,  the  cost  to  reconstruct  them  would  be  astronomical. 
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The  Interstate  Commerce  Commission  will  grant  pennission  to  substitute  micro- 
film for  original  records,  as  provided  in  Section  110.3.  The  microfilm  must  be 
retained  for  a  given  period.  Where  permanent  records  are  microfilmed,  the  original 
documents  may  be  destroyed  only  after  receipt  of  special  authority.  Each  request 
is  handled  on  its  merits.  Where  authority  to  destroy  permanent  records  is  given, 
the  original  record  must  be  retained  for  at  least  five  years.  For  example,  if  per- 
mission was  given  in  1966  to  microfilm  and  destroy  all  records  up  through  1965, 
all  original  records  pertaining  to  years  prior  to  1961  could  be  destroyed.  Although 
not  specifically  required  by  the  ICC,  to  avoid  possible  controversy  later  it  would 
be  best  if  the  film  either  begins  or  ends  with  an  affidavit  attesting  that  the  film 
is  an  accurate  copy  of  the  original  record. 

The  ICC  regulations  governing  the  destruction  of  records  of  railroad  companies 
prescribe  that  films  for  photographic  copies  shall  be  of  permanent-record  type, 
meeting  in  all  respects  the  minimum  specifications  of  the  National  Bureau  of  Stand- 
ards. All  processes  recommended  by  the  manufacturer  must  be  observed  to  protect 
them  from  deterioration  or  accidental  destruction. 

To  qualify  for  use  for  permanent  records  the  film  must  have  a  base  composed 
of  cellulose  esters  of  acetic,  propionic  or  butyric  acids  and  contain  not  over  0.15 
percent  nitrogen  combined  as  cellulose  nitrate.  Gelatin-silver  halode  emulsion  shall 
be  used  and  must  be  suitable  for  development  as  original  negatives,  as  positive 
prints  from  negatives  or  as  direct  positives.  It  must  be  difficult  to  ignite  and  be 
slow  burning.  Images  formed  by  dyes  are  not  approved  as  permanent  record  films. 
There  are  three  major  causes  of  deterioration — atmospheric  contaminants,  such 
as  gases,  dust,  etc.,  humidity  and  temperature.  Storage  facilities  for  permanency 
must,  therefore,  have  air  purification  to  eliminate  airborne  gases,  dust  particles,  etc., 
humidity  control  to  maintain  humidity  between  40  and  50  percent  and  temperature 
control  to  keep  the  temperature  between  60  and  80  F.  One  major  manufacturer 
of  photographic  film  recommends  temperatures  between  50  and  60'  F.  Films  should 
preferably  be  stored  in  sealed  metal  containers  and  it  is  recommended  that,  when 
removed  from  storage,  they  be  allowed  to  stand  for  a  few  hours  at  room  tempera- 
ture before  being  opened,  to  prevent  condensation  on  the  film.  Paint  fumes  have 
a  definite  effect  on  films,  so  films  should  not  be  stored  in  a  freshly  painted  vault 
or  room  until  it  has  been  thoroughly  aired  for  at  least  two  weeks. 

Humidity  over  60  percent  promotes  the  growth  of  fungi  or  mildew.  If  humidity 
or  temperature  is  too  low,  the  film  becomes  brittle,  but  flexibility  can  be  restored 
by  conditioning  to  higher  humidity  or  temperature.  High  temperature  will  eventually 
reduce  the  pliability  of  the  film.  It  is  recommended  that,  when  first  placed  in 
storage,  films  be  inspected  at  intervals  of  not  more  than  six  months  and,  if  humidity, 
temperature  and  air  requirements  are  consistently  being  maintained,  inspection 
intervals  can  be  gradually  extended  to  about  every  two  years.  Films  that  show  any 
signs   of  deterioration  should  promptly  be  reproduced. 

The  cost  of  microfilming  will  vary,  according  to  location,  whether  you  do  it 
yourself,  contract  to  have  it  done  on  the  premises  or  send  the  material  out  to  be 
done  commercially.  It  will  probably  be  cheaper  to  film  all  of  the  papers  in  an  AFE 
file  than  to  expend  the  labor  to  strip  the  file  of  all  unnecessary  material.  It  is  rec- 
ommended that  the  records  and  reports  be  filmed  in  duplicate,  a  working  film  to  be 
put  in  individual  jackets  for  each  AFE  or  other  report  or  record  which  will  be 
referred  to  from  time  to  time  in  the  usual  course  of  work  and  a  duplicate  to  be 
stored  somewhere  for  security  reasons.  Cost  of  an  original  and  duplicate  negative 
will  run  about  6  or  8  cents  for  an  11-  by  17-in  sheet.  File  jackets  will  cost  about 
5  cents  each. 
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DRAFTING-ROOM  AIDS 

In  gathering  data  on  the  use  of  drafting-room  aids,  it  was  found  that,  of  31 
roads  contacted,  only  13  were  equipped  to  use  drafting  film.  Tracing  cloth  is  the 
preferred  material  for  maps  and  plans.  Only  six  roads  use  sheets  with  preprinted 
borders  and  title  blocks.  Of  those  contacted,  40  percent  use  templates  extensively, 
primarily  for  signal  and  architectural  drawings,  40  percent  use  them  occasionally 
and  20  percent  do  not  use  them  at  all.  Insofar  as  the  use  of  lettering  aids  is  con- 
cerned, 50  percent  use  them  extensively  and  50  percent  only  occasionally.  Reservoir 
or  fountain  pens  are  used  very  extensively,  both  for  plan  titles  and  for  general  let- 
tering. Of  those  roads  contacted,  80  percent  hand-letter  the  titles  for  plans,  exliibits, 
etc.,  and  tlie  remainder  typewrite  them.  Preference  as  to  having  working  right-of- 
way  tracings  or  reproductions  in  rolls  or  sheets  is  evenly  divided. 

During  the  coming  year  your  committee  contemplates  making  a  study  as  to 
the  best  material  for  reproduction  of  maps,  plans,  etc.,  and  will  also  attempt  to 
develop  a  recommended  practice  for  "as  constructed"  or  "as  built"  prints  for  AFE's 
or  Work  Orders. 
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Special   Studies 

M.  C.  Wolf  (chairman,  subcommittee),  P.  L.  Conway,  Jr.  (asst.  chairman,  sub- 
committee), R.  O.  B.\ssETT,  H.  C.  BoLEY,  C.  E.  By'nane,  J.  E.  Hebbhon, 
R.  D.  Igou,  W.  C.  Kanan,  W.  H.  Kiehl,  J.  W.  Laurent,  C.  E.  Lex,  Jr., 
J.  W.  McDonnell,  F.  J.  Merscher,  J.  M.  Morgan,  J.  J.  O'Hara,  C.  F. 
Olson,  F.  A.  Roberts,  J.  H.  Robinson,  G.  S.  Rogers,  R.  S.  Shaw,  Jr.,  E.  E. 
Strickland,  J.  J.  Weisbecker. 

The   Development  and   Use  of  Average  Prices  for   Retirements 
in  Track  Accounts 

The  conventional  way  of  computing  a  track  retirement  is  to  retrace  the  history 
of  the  trackage  and  to  price  out  a  ])ill  of  the  units  which  have  been  installed  under 
each  preceding  AFE,  referring  also  to  the  basic  inventory  when  appropriate. 
The  ever-increasing  volume  of  past  improvements,  often  involving  repeated  cycles 
of  betterments,  together  with  the  long  history  of  adjustments  which  have  been 
made  in  tlie  investment  account,  have  made  this  process  so  burdensome  that  some 
means  of  relief  must  be  found. 

The  use  of  average  prices  for  retirements  from  Accounts  9,  10'  and  11  is 
approved  in  Item  4  (b)  of  ICC  Accounting  Series  Circular  No.  133,  dated  May  6, 
1963.  The  subject  is  expanded  somewhat  in  Supplement  No.  8  to  that  circular. 

The  purpose  of  this  study  is  to  investigate  the  means  for  simplifying  the  process 
of  making  track  account  retirements  liy  the  use  of  acceptable  average  prices. 
Although  Circular  133  deals  with  average  prices  for  Accounts  9,  10  and  11,  the 
study  also   applies   to  Accounts  8  and   12. 

Since  no  two  companies'  histories  and  present  circumstances  are  identical,  and 
since  each  company  has  its  own  methods  of  record  keeping,  it  is  not  possible  to 
devise  a  rigid  program  which  could  be  adopted  by  all  companies  desiring  to  use 
average  prices.  The  study  is  intended  to  outline  the  problem,  to  present  some  gen- 
eral guidelines,  and  to  suggest  various  alternate  means  for  dealing  with  some  of  the 
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problems.  Each  company  desiring  to  use  average  prices  can  expect  to  be  required 
to  demonstrate  that  its  method  will  clear  its  property  account  on  some  consistent 
method  as  retirements  occur. 

Any  road  planning  to  adopt  average  costs  for  retirement  purjDoses  should  con- 
sider the  uses  which  it  makes  of  its  retirement  records.  Will  the  results  of  the  aver- 
age-cost method  satisfy  all  of  its  requirements  for  income  and  other  tax  pur- 
poses, for  joint  facility  agreements  and  various  contractual  arrangements  with  other 
railroads  for  dealings  with  mortgage  trustees,  and  other  financial  situations?  In  this 
connection  it  is  important  to  remember  that  companies  which  have  undergone 
reorganization  dvuing  fairly  recent  past  years  have  entered  into  agreements  with 
the  Internal  Revenue  Service  regarding  the  cost  bases  of  their  properties.  Such  com- 
panies' retirement  costs  for  income  tax  purposes  must  be  consistent  with  the  amounts 
included  in  the  agreed-cost  basis.  Before  adopting  the  average-price  method  for 
retirements,  such  companies  should  give  earnest  consideration  to  the  result  of  the 
possible  refusal  by  the  Internal  Revenue  Service  to  accept  average  costs  for  income- 
tax  purposes. 

A  company  having  only  a  minor  portion  of  its  properties  covered  by  joint 
facility  agreements  may  want  to  keep  tliis  portion  on  an  actual-cost  basis.  However, 
a  company  having  important  parts  of  its  properties  subject  to  joint  use  will  have 
good  reason  for  finding  some  way  to  avoid  perpetuating  two  methods  of  accounting. 

There  are  these  seven  general  aspects  of  the  problem  of  average  prices: 

1.  The  choice  of  the  territories  for  which  averages  are  to  be  computed. 

2.  The  total  cost  for  each  primary  account  for  the  entire  company. 

3.  The  allocation   of  system  total  costs   to  the  various  territories  for  which 
averages   are  to  be   computed. 

4.  The    selection    of    quantity    units    for    which    average    prices    are    to    be 
calculated. 

5.  The  summarizing  of  property  units. 

6.  The  calculation  of  average  costs,  and  their  periodic  recalculation. 

7.  Some  special  problems. 

Following  is  a  discussion  of  each  of  these  aspects  in  the  order  listed  above. 

1.  The  Choice  of  Territories 

Supplement  8  to  Circular  133  states  that  averages  should  be  maintained  by 
valuation  sections,  when  practical.  It  now  seems  likely  that  the  Bureau  of  Accounts 
will  insist  upon  the  separate  calculation  for  each  valuation  section,  subject  perhaps 
to  some  exceptions  for  unusual  circumstances. 

2.  The  Total  Cost  for  Each  Primary  Account  for  the  Entire  Company 

If  a  company  has  completed  the  adjustment  of  its  property  account  in  accord- 
ance with  Accounting  Series  Circular  133  and  Supplements,  its  property  accounts 
and  its  valuation  records  are  consistent  with  each  other,  and  are  in  agreement  except 
for  overlaps  at  year  end. 

Note:  The  term  "property  account"  is  intended  to  apply  to  the  costs  carried  in 
General  Balance  Sheet  Accounts  731  and  732. 

3.  The  Allocation  of  Total  Costs  for  Each  Primary  Account 
to  the  Territories  for  Which  Averages  Are  to  be  Calculated 

There  is  no  problem  of  allocation  if  the  averages  are  to  apply  to  an  entire  com- 
pany. There  are  problems  in  some  of  the  track  accounts  in  allocating  costs  to  separate 
valuation  sections  or  to  groups  of  sections. 
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For  Accounts  8  and  12,  the  total  cost  is  the  sum  of  Engineering  Report  Cost 
of  Reproduction  New  plus  the  net  cost  which  has  been  recorded  in  the  record  of 
property  changes  as  adjusted  for  exceptions  taken  by  the  ICC  Bureau  of  Accounts. 
The  desired  allocation  can  be  made  directly  from  the  valuation  records. 

For  Accounts  9,  10  and  11,  the  total  cost  is  the  sum  of  Engineering  Report 
Cost  of  Reproduction  New  plus  the  net  cost  of  subsequent  property  changes  as 
recorded  in  the  property  account,  with  any  adjustment  necessary  because  of  past 
accounting  practices.  To  the  extent  that  tlie  net  costs  which  have  been  reported  on 
Fonn  588  have  been  at  variance  with  the  charges  to  investment,  it  may  not  be 
practicable  to  make  a  direct  allocation  of  the  system  total  from  the  valuation  rec- 
ords. The  principle  reasons  are  that  many  roads  have  restated  betterments  on  Form 
588,  and  some  companies  have  reported  other  costs  on  Form  588  which  have  not 
been  entered  in  their  property  account.  It  is  possible,  but  quite  expensive,  to  cal- 
culate the  adjustment  of  Form  588  in  order  to  offset  the  restatement  of  betterments 
in  each  valuation  section.  However,  the  total  difference  for  each  of  these  three 
accounts  between  the  total  per  valuation  records  and  the  corresponding  amount 
included  in  property  account  is  directly  available  if  the  overlaps  in  accounting 
have  been  considered.  When  the  precise  allocation  of  this  difference  is  too  for- 
midable a  job,  some  formula  for  a   reasonable  distribution  must  be  devised. 

4.  The  Selection  of  Property  Units  for  Which  Average  Prices  Are  to  be  Calculated 

The  process  of  computing  average  prices  is  simplified  greatly  when  all  of  the 
property  in  an  account  can  be  expressed  in  the  term  of  a  single  unit  of  quantity. 
When  more  than  one  unit  is  used  in  an  account,  a  corresponding  further  allocation 
of  cost  becomes  necessary.  In  Account  9,  for  example,  Circular  133  provides  for  two 
units  of  rail:  tons  new  and  tons  relay.  It  follows  tliat  a  corresponding  allocation  of 
cost  must  be  made.  For  tliis  reason,  as  well  as  to  hold  down  the  cost  of  record 
keeping,  the  simplest  possible  list  of  units  should  be  adopted.  Suggestions  for  each 
of  the   track  accounts  follow: 

Account  8 — Ties.  By  far  the  simplest  unit  is  one  foot  of  track.  Some  companies 
may  desire  to  apply  weighting  factors  for  various  categories  of  track.  It  is  possible, 
however,  that  the  Bureau  of  Accounts  may  object  to  the  track-foot  basis  and  require 
average  costs  per  cross  tie,  per  MBM  of  switch  and  crossing  ties,  and  per  MBM  of 
bridge   ties,   with   a   separation   between   main-track   and   secondary-track   cross   ties. 

Account  9 — Rails.  Circular  No.  133  calls  for  two  units:  gross  tons  new  and 
gross  tons  relay.  Some  roads  have  indicated  a  preference  for  keeping  a  separation 
of  the  number  of  welds  and  their  cost.  Companies  which  have  capitalized  relay  rail 
at  some  fixed  proportion  of  the  charge  for  new  rail  may  wish  to  record  for  corporate 
purposes  in  separate  groups.  However,  others  may  not  want  to  distinguish  between 
the  two,  or  may  prefer  reporting  in  track  feet  or  some  other  unit.  A  trial  separation 
can  be  made  for  a  territory  containing  substantial  amounts  of  new  and  relay  rail 
by  assigning  an  average  cost  for  relay  rail  that  has  been  determined  for  a  branch 
line  in  the  same  general  area  and  containing  only  relay  rail.  When  this  is  done,  it 
should  be  noted  whether  the  remaining  portion  of  cost  will  produce  a  reasonable 
average  cost  for  the  new  rail. 

Account  10 — Other  Track  Material.  This  is  the  most  difficult  account  to  deal 
with.  Circular  No.  133  indicates  that  it  will  be  permissible  to  convert  all  of  the 
material  into  hundredweight,  and  to  divide  the  total  cost  for  a  territory  by  the 
combined  hundredweight   to   obtain   the   average   cost   for  the  entire   account.   This 
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method  is  recommended  by  its  simplicity.  However,  the  use  of  a  single  average  cost 
per  hundredweight  for  all  material  in  tliis  account  will  result  sometimes  in  a  serious 
distortion  of  cost  for  retirement  purposes.  The  removal  of  a  movable-point  crossing 
frog  is  an  example  of  a  high-priced  unit  whose  cost  would  be  understated  drastically 
on  the  basis  of  such  an  average.  There  are  a  number  of  ways  to  subdivide  this 
account  in  an  effort  to  produce  more  representative  average  costs.  A  list  of  some  of 
these  methods  follows. 

Method  Studied  by  Subcommittee  10  of  the  Railway  Advisory  Committee  on 
Equipment  and  Roadway  Property.  Total  separately  the  number  of  units  of  turn- 
outs, of  specialty  items  such  as  slip  switches  and  crossing  frogs,  and  of  all  other 
material  combined.  If  a  separation  of  cost  for  the  turnouts  and  specialty  items  has 
been  maintained  in  the  records,  these  costs  can  be  determined  easily  and  tlie  remain- 
der of  cost  assigned  to  all  other  material.  More  often,  the  cost  assignable  to  turn- 
outs and  specialty  items  will  have  to  be  estimated.  After  the  separation  of  costs,  the 
cost  for  a  turnout  or  a  specialty  item  can  be  determined  on  an  actual  basis  or  on 
the  basis  of  average  cost  per  hundredweight.  All  other  material  could  be  priced 
on  the  basis  of  average  cost  per  hundredweight  or  average  cost  per  track  foot.  For 
the  latter  choice,  it  may  be  desirable  to  use  a  weighting  factor  for  the  class  of  track, 
and   possibly  for  railweight. 

A  suggested  modification  is  to  handle  specialty  items  at  actual  cost  and  to 
consider  a  turnout  to  be  equivalent  in  cost  to  so  many  feet  of  track. 

A  still  further  departure  would  be  to  summarize  the  total  weight  of  joints  and 
fastenings,  the  total  weight  of  tie  plates,  the  total  weight  or  number  of  rail  anchors, 
the  total  weight  of  turnout  materials,  and  the  total  weight  or  mmiber  of  each  such 
specialty  item  as  crossing  frogs,  derails,  rail  lubricators  and  the  like.  These  groupings 
would  require  a   corresponding   separation  of  costs. 

Account  11 — Ballast.  Circular  133  suggests  a  unit  of  a  cubic  yard  for  each 
class  of  ballast.  Presumably  the  classes  of  ballast  are  waste  materials,  pit  run 
materials  and  one  or  more  categories  of  processed  materials. 

Another  suggestion  is  to  develop  the  average  cost  per  track  foot,  applying  a 
weighting  factor  to  provide  a  suitable  cost  differential  between  main  tracks  and 
all  other  tracks. 

Account  12 — Tracklaijing  and  Surfacing.  The  simplest  average  is  cost  per  track 
foot,  preferably  with  a  weighting  factor  to  differentiate  between  the  cost  of  main 
tracks  and  all  other  tracks.  Special  circumstances  may  dictate  the  separation  be 
provided  for  the  cost  of  placing  ballast  and  turnouts.  Reference  has  been  made  to 
the  possible  use  of  average  cost  per  track  foot  in  Accounts  8,  10  and  11,  where 
substantial  loss  of  accuracy  may  result  from  such  use.  This  objection  applies  only 
to  a  minor  extent  in  Account  12.  However,  circumstances  may  dictate  that  separa- 
tion be  provided  for  the  placing  of  ballast  and  turnouts.  Many  companies  now 
having  little  trouble  with  the  conventional  retirement  practices  for  this  account  will 
find  average  costs  advantageous  if  they  should  adopt  data  processing. 

5.  The   Summarizing  of  Property  Units 

For  each  account  which  is  not  to  be  priced  on  a  track-foot  basis,  start  with 
the  numbers  of  units  in  the  basic  inventory  for  each  territory,  and  add  the  net 
number  of  units  per  the  record  of  property  changes,  taking  into  account  any 
appropriate  revisions  of  the  latter.  The  totals  thus  obtained  may  require  conversion 
into   total   hundredweight,   or  whatever   unit  is   required  for  average  cost  purposes. 
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6.  The  Calculation  of  Average  Costs,  and  Their  Periodic  Recalculation 

Having  determined  the  total  number  of  each  of  the  units  in  an  account  and 
the  total  cost  assigned  to  them,  a  matter  of  simple  division  remains.  Periodically, 
a  recalculation  of  average  cost  should  be  made.  This  is  done  by  adjusting  the  num- 
ber of  units  and  the  total  costs  for  the  amounts  which  have  been  added  and  retired 
since  the  last  determination,  and  deriving  new  averages. 

7.  Some  Special  Problems 

When  die  ownership  and  cost  participation  is  uniform  throughout  a  territory, 
it  is  simple  to  summarize  the  units  and  costs.  When  there  is  variation  in  ownership, 
or  when  the  reporting  company  has  borne  and  reported  only  a  portion  of  the  cost 
of  property  owned  by  it,  the  averages  will  be  distorted  if  such  deviations  are  conse- 
quential. For  example,  a  wholly  owned  valuation  section  may  include  some  trackage 
which  is  but  50  percent  owned  by  the  reporting  company.  This  minor  joint  property 
may  be  e.xcluded  from  the  average  cost  calculations,  or  it  may  be  included  in  them 
by  applying  a  50  percent  factor  to  the  joint  units.  Many  situations  which  are  far 
more  complicated  will  require  special  handling  according  to  the  circumstances. 

Some  companies  have  kept  in  their  records  a  separation  of  fiuantities  and  costs 
for  property  surviving  from  basic  inventories  from  the  quantities  and  costs  for  prop- 
erty installed  after  inventory  date.  Such  companies  may  desire  to  maintain  this 
separation  in  the  interest  of  greater  accuracy  of  results. 

Some  special,  and  usually  minor,  items  do  not  lend  themselves  readily  to  aver- 
age cost  calculations.  One  such  minor  item  is  earth  and  timber  bumpers  chargeable 
to  Account  10.  If  these  bumpers  appear  to  have  cost  about  four  times  the  average 
price  per  hundredweight  of  track  metal,  they  can  be  considered  equivalent  to  four 
hundredweight  for   average-cost  purposes. 

Comments   on  the   Adjustment  of  Restated  Betterments  in  Accounts  9,   10  and   11 

Although  the  system  totals  in  the  valuation  records  must  be  consistent  with  the 
property  account,  the  totals  recorded  to  date  in  the  record  of  property  changes  and 
Form  588  for  each  valuation  section  may  differ  from  the  amounts  which  have  been 
recorded  in  property  account.  There  is  an  endless  variety  of  reasons  for  these  differ- 
ences, but  the  principle  variation  usually  is  due  to  the  restatement  of  betterments 
on  Form  588. 

Since  1914  the  ICC  accounting  classification  has  reciuircd  that  only  the 
increased  cost  due  to  the  use  of  heavier  or  otherwise  superior  track  material  be 
capitalized  in  connection  with  replacements,  and  that  the  remainder  of  cost  of  the 
new  material  be  charged  to  operating  expenses.  On  the  other  hand,  the  instructions 
governing  Form  588  formerly  required  the  clearing  of  the  released  material  and  its 
original  cost  and  the  addition  of  the  newly  installed  material  at  its  gross  cost.  Inci- 
dentally,  this   instruction  has  not  been  interpreted  uniformly. 

In  order  to  arrive  at  a  cost  basis  for  developing  average  prices,  a  company 
which  has  not  yet  done  so  mus-t  analyze  its  valuation  records  and  make  a  logical 
distribution  of  any  such  cost  variations  which  may  be  found.  When  this  distribution 
is  completed,  the  total  of  the  costs  carried  in  the  record  of  property  changes  for 
each  valuation  section  will  equal  the  system  total  cost  for  a  particular  account. 

Comments  on  the  Development  of  Quantities  to  be  Used  for  Retirement  Purposes 

The  use  of  average  costs  for  retirements  in  track  accounts  eliminates  the  need 
for  reference  to  the  basic  inventory  and  to  past  AFE's  as  far  as  costs  are  concerned. 
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This  advantage  can  not  be  realized  if  these  past  records  must  be  analyzed  in  detail 
for  the  development  of  quantities  to  be  retired. 

Some  companies  now  maintain  card  files  showing  the  current  consist  in  detail 
for  each  mile  of  main  track  and  for  each  track  of  other  categories.  A  suitable  bill 
of  material  can  be  compiled  from  such  cards. 

This  is  a  progress  report,  submitted  for  information,  on  the  present  status  of 
the  subject. 


Report  on  Assignment  5 
Application  of  Data  Processing 

L.  F.  Grabowski  (chairman.  Subcommittee  on  Accountitng  Phases),  H.  C.  Boley 
(chairman.  Subcommittee  on  Engineering  Phases),  J.  B.  Byars,  P.  L.  Con- 
way, Jr.,  C.  E.  Bynane,  C.  R.  Dolan,  R.  L.  Ealy,  R.  F.  Garner,  W.  M. 
Hager,  M.  J.  Hebert,  J.  A.  L.  Houston,  R.  D.  Igou,  W.  C.  Kanan,  W.  H. 
KiEHL,  J.  G.  KmcHEN,  W.  A.  Krauska,  C.  E.  Lex,  Jr.,  M.  F.  McCorcle, 
F.  J.  Merscher,  L.  V.  MiLLiGAN,  J.  M.  Morgan,  B.  F.  Nauert,  C.  F.  Olson, 
F.  A.  Roberts,  G.  S.  Rogers,  J.  E.  Stein,  J.  B.  Styles,  E.  G.  Terrell,  J.  J. 
Weisbecker,  H.  R.  Williams,  M.  C.  Wolf. 

The  committee  took  additional  steps  to  determine  present  and  proposed  appli- 
cations of  data  processing,  particularly  as  applied  to  property  records.  Also,  the 
specific   studies   to   be  pursued   during   the  next   year  have   been   selected,   namely: 

AFE  Accumulation, 

Roadway  Machines. 

The  chairmen  of  this  committee  served  with  representatives  of  other  AREA 
Committees  in  the  deliberations  that  resulted  in  the  formation  of  the  new  Special 
Committee  on   Systems  Engineering. 


Report  on   Assignment  6 
Valuation  and  Depreciation 

C.  R.  Dolan  (chairman,  subcommittee),  G.  R.  Berquist,  M.  W.  Bonnom,  J.  B. 
Byars,  P.  L.  Conway,  Jr.,  C.  J.  Cosner,  R.  L.  Ealy,  L.  F.  Grabowski,  J.  E. 
Hebbron,  M.  J.  Hebert,  P.  J.  Hendricksen,  L.  W.  Howard,  N.  J.  Hull,  Jr., 
R.  D.  Igou,  J.  W.  Laurent,  J.  G.  Maker,  J.  L.  Manthey,  L.  V.  Milligan, 
C.  F.  Olson,  G.  W.  Smith,  E.  E.  Strickland,  J.  B.  Styles,  E.  G.  Terrell, 
T.  A.  Valacak,  H.  R.  Williams. 

(a)    Current  Developments  in  Connection  with  Regulatory 
Bodies  and   Courts 

ICC  Bureau  of  Accounts 

The  work  of  the  Bureau  with  respect  to  valuation  was  principally  in  the  area 
of  railroad  and  pipeline  indices  and  pipeline  tentative  and  final  valuation  reports. 

During  fiscal  year  1966,  the  Commission,  Accounting  and  Valuation  Board, 
issued  tentative  and  final  valuation  reports  for  78  pipeline  carriers.  The  Commission 
also  released  the  Schedule  of  Annual  Indices  for  carriers  by  railroad  and  pipeline 
for  the  year  1965. 
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As  stated  in  our  prior  report,  all  common  carriers  subject  to  the  Commission 
depreciation  orders  have  been  placed  on  a  five-year  cyclical  review  basis.  During 
fiscal  year  1966,  the  Commission,  Accounting  and  Valuation  Board,  issued  8  pipe- 
line, 32  railroad  and  52  water-carrier  depreciation  orders. 

The  total  authorized  personnel  for  the  Section  of  Valuation  and  Depreciation 
for  fiscal  year  1967  is  19. 

Railroad  Advisory  Committee  on  Equipment  and  Roadway  Property 

The  R;iilroad  Advisory  Committee  on  Equipment  and  Roadway  Property  met 
for  its  annual  meeting  in  June  1966  witli  representatives  in  the  Engineering  Branch 
of  the  Section  of  Valuation  to  formulate  prices  for  indices  for  year  1965,  which, 
as  mentioned  above,  have  been  released  by  the  ICC. 

(b)   ICC   Valuation   Orders   and    Reports 

During  the  year  1966  the  ICC  issued  orders  cancelling  the  following  Valuation 
Orders : 

V.  O.  No.  Title 

3 — Supp.    No.    6   .  .  .  .    Order  To  Govern  The  Preparation  And  Filing  of  B.V.  Forms 
Nos.  586,  587  And  589. 

7   Order    Instructions    and    Forms    Pertaining   To    Schedules    of 

Land. 

8   Regulations   And   Sample   Forms   To   Govern   The   Recording 

And  Reporting  of  Register  Of  Equipment  And  Original  Cost 
To  Date. 

11 Order,   Instructions  And   Form  Pertaining   To  An  Inventory 

Of  Records. 

12 Industrial  Tracks. 

16 Aids,  Gifts,  Grants  And  Donations. 

20 Corporate  History. 

24 Regulations    And    Instructions    Relating    To    The    Recording 

And   Reporting   Changes  In  Physical   Property. 

The  Bureau  is  continuing  its  study  of  Valuation  Order  No.  3 — Second  Revised 
Issue,  and  supplements  Nos.  4  and  5  thereto. 
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Committee 

Those  whose  names  are  shown  in  boldface,  in  addition  to  the  chairman,  vice  chairman  and 
secretar>%  are  the  subcommittee  chairmen,  and  those  designated  by  asterisks  constitute  the 
Engineering    Division,    AAR,    Committee    18. 

To  the  Americati   Railway  Engineering  Association: 

Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual,  collaborating  with  Mechanical  Division,  AAR. 
Recommendation  for  adoption  of  new  material  is  presented  under 
Assignment   10. 

4  and  8.   Power  supply,  motors  and  controls,  collaborating  with  Mechan- 
ical Division,   AAR. 

This  subject  is  not  reported  on  this  year,  but  it  will  be  continued  and 
a  report   is  anticipated  for  next  year. 

5.  Illumination,    collaborating   with   Committee   6   and   Mechanical    Divi- 
sion, AAR. 
Study  is  in  progress.  No  report  this  year. 

9.  Electrolysis   and   electrolytic   corrosion,    collaborating  with   Committee 
13  and  Signal  and  Communication  Section,  AAR. 
Study  is  in  progress.  No  report  this  year. 

10.  Wire,    cable   and    insulating   materials,    collaborating   with    Mechnical 
Division,  AAR. 

Progress  report  presented  as  information,   and  specification  submitted 
for  adoption  and  publication  in  the  Manual   page  220 
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11.   Electric    heating,    collaborating    with    Committee    6    and    Mechanical 
Division,  AAR. 
Study  in  progress.  No  report  this  year. 

13.  Railway  electrification,  collaborating  with  Mechanical  Division,  AAR. 

Progress  report,  presented  as  information   page  224 

15.  Relations  with  public  utilities,  collaborating  vdth  Committee  20'. 

Progress  report,  presented  as  information    page  251 

The  Committee  on  Electricity, 

F.  T.  Snider,  Chairman. 
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Reporf  on  Assignment   10 

Wire,  Cable  and  Insulating  Materials 
Collaborating  with   Mechanical   Division,  AAR 

F.   T.   Snider    (chairman,   subcommittee),   R.   B-xmN,  R.  C.   Greene,  P.   O.   Lautz, 
H.  F.  Nelson,  A.  C.  Zagotta. 

Your  committee  submits  the  following  report  pertaining  to  wire,  cable  and 
insulating  materials.  Items  A  and  B  following  are  presented  as  information.  Item  C 
is  presented  with  the  recommendation  that  it  be  adopted  and  published  in  the  AAR 
Electrical  Manual. 

A.  WIRE,  CABLE  AND  INSULATINC  STANDARDS  OF  INTEREST 
TO  THE  RAILROAD  INDUSTRY 

Revisions  have  been  made  to  numerous  national  standards  during  the  past 
year  to  keep  them  in  accord  with  current  practice.  A  new  specification  has  been 
issued  for  Varnished  Cloth,  IPCEA  S-65-375  or  NEMA  WC4-1966,  and  is  available 
from  either  organization. 

B.  REPORT  ON  NEW  TYPES  OF  WIRE,  CABLE  AND 
INSULATING  MATERIALS 

Insulated  Sodium-Conductor  Cables 

Sodium  ranks  after  copper  and  aluminum  in  electrical  conductivity.  It  is  light 
in  weight,  low  in  cost,  flexible,  and  is  available  throughout  the  world.  For  equivalent 
ampacity,  copper  is  6  to  7  times  and  aluminum  2  to  3  times  more  costly  than 
sodium. 

These  characterictics  have  caused  much  study  and  research  to  be  made  on  a 
practical  sodium  cable.  A  simple  single  process  utilizing  an  extruded  polyethylene 
tube  and  simultaneously  filling  it  with  sodium  has  been  developed.  Trial  installa- 
tions have  been  made  of  this  construction  in  15-kv  and  600-v  ratings  with 
no  apparent  difficulties  either  in   installation  or  service. 
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Papers  \\ere  presented  at  the  IEEE  Summer  Power  Meeting,  Ne\\'  Orleans,  La., 
in  July,  1966  on  sodium  conductors.  These  papers  covered  tlie  history,  drawing, 
evaluation,  connectors  and  field  trials  of  sodium  conductors,  and  are  available  from 
the  IEEE.  An  article  in  the  September  1966  issue  of  Trammimon  ami  Disirihtttion 
describes  the  main  points  of  interest  of  tliis  meeting. 

Kapton  Insulated  Wire  and  Cable 

Kapton  polyimide  film  (also  known  as  H  or  HE  Film)  has  the  ability  to  main- 
tain its  excellent  physical,  electrical  and  mechanical  properties  over  a  temperature 
range  from  — 269  C  to  400  C.  It  has  been  used  for  coil  insulation,  slot  lines  and 
laminated  to  other  materials  for  insulating  purposes. 

Its  use  as  the  primary  insulation  on  wire  and  cable  is  now  being  investigated. 
Type  HE  film,  \\hich  is  Kapton  wdth  a  thin  layer  of  FEP  (Teflon)  on  one  or  both 
sides,  is  applied  to  the  conductor  by  conventional  taping  apparatus.  Kapton  will  not 
fuse  and  it  is  necessary  to  use  EEP  to  provide  a  moisture  seal. 

Kapton-insulated  wire  and  cable  are  being  tested  and  evaluated  by  several 
railroads  for  use  on  locomotive  equipment.  Its  advantages  are  small  diameter,  tough- 
ness and  high  temperature  rating.  The  performance  to  date  in  the  laboratory  and 
in  service  has  been  good,  but  additional  time  will  be  necessary  before  conclusions 
can  be  reached. 

C.  REVISION  OF  MANUAL 

Chlorosulfonated  polyethylene  is  an  insulation  now  being  used  on  many  rail- 
roads. A  tentative  specification  was  submitted  as  infomiation  in  1966  and  some 
revisions  have  been  made. 

The  following  specification  has  been  approved  unanimously  by  your  committee 
and  is  now  submitted  for  adoption  and  publication  in  the  AAR  Electrical  Manual. 
Your  committee  recommends  its  approval  by  the  Association. 

Specification  No 


Specification  for  Single  Conductor,  Chlorosulfonated  Polyethylene 
Integral  Insulated-Jacketed,  0-300  volt,  0-600  volt  Cable  for  Loco- 
motive and  Car  Equipment. 

Table  I 

Component  Parts  Specification   Requirements 

Size   of   Conductor   and   Shipping 

Lengths  As  specified  in   the   order 
Material  of  Conductor: 

Soft  annealed  copper,  tinned,  or  ASTM  B     33   (See  Paragraph  3) 

Soft  annealed  copper,  coated  ASTM  B'  189  ( See  Paragraph  3 ) 

Stranding  In   accordance   with   Table   II    ( See 

Paragraph  2) 

Integral    Insulation-Jacket    (  Clean  In  accordance  with  Part  3 — Insula- 
Stripping).    Chlorosulfonated  tion  — 2.b.5 

Polyethylene   90   C    dry,    7.5    C 
wet  or  dry 
Bui.   603 
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Thickness  of  Intejjral  Insulation —  In  accordance  with  Table  II 

Jacket  IPCEA-NEMA  R 

Tolerance 

Separator  See  Paraj^raph   4 

Dimensions  See  Paragraph   5 

Finish  See  Paragraph   6 

1.  Scope: 

This  specification  describes  single-conductor,  heat  and  moisture-resist- 
ing, chlorosulfonated  polyethylene  integral  insulated-jacketed,  clean  strip- 
ping, extra-flexible  cable  for  use  in  locomotive  and  car  equipment. 

2.  Stranding: 

Unilay  construction  may  be  used  if  specified. 

3.  Conductors: 

Conductor  diameters  shall  not  exceed  the  values  given  in  Table  II  of 
this  .specification. 

4.  Separator: 

A  paper  or  other  suitable  separator  shall  be  applied  on  sizes  36,760 
CM    and   larger. 

5.  Dimensions: 

The  finished  cable  shall  be  uniform  in  diameter  throughout  its  length 
and  the  overall  dimension  shall  not  exceed  the  values  given  in  Table  II 
of  this  specification. 

6.  Finish: 

A  suitable  lubricant  shall  be  applied  to  facilitate  pulling  into  conduit. 
Each  cable  shall  have  printed  on  the  outer  surface  the  manufacturer's 
identification,   conductor  size  and  voltage  rating. 

Part  3,  Insulation,  2,  b 

5.  Chlorosulfonated  Polyethylene  Rubber. 
Physical  properties: 
Original  properties 

Tensile  strength,   min  psi    1500 

Elongation   at  rupture,   min  percent    200 

Properties  after  accelerated  aging,  75  C  wet  or  dry: 

Oxygen  bomb  test  at  80  ±  1  C  and  300  psi  for  168  hours 
Tensile  strength,  min  percentage  of  unaged  value   ....      75 

Elongation,  min  percentage  of  unaged  value    75 

Air  bomb  test  at  127  ±  1  C  and  80  psi  for  20'  hours 

Tensile  strength,  min  percentage  of  unaged  value   ....      70 

Elongation,   min  percentage   of  unaged  value    70 

Properties  after  accelerated  aging,  90  C  dry: 

Air  bomb  test  at  127  ±  1  C  and  80  psi  for  42  hours 

Tensile  strength,  min  percentage  of  unaged  value   ....      70 
Elongation,   min  percentage  of  unaged  value   70 
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Table  II 


Conduc- 

Iiiteyral Insu- 

Appror. 

Approx. 

\o.  and  Size 

Type  of 

tor 

lation — Jacket 

Voltage 

Maximum 

Area 

Size 

Each  Wire 

Stranding 

Diameter 

Thickness  64th 

Rating 

Cable  Dia. 

(CM) 

A  WG 

in  Strand 

{Inches) 

Inch  (Mih) 

{Inches) 

2601 

10 

19/. 0117" 

Bunch  or  Cone. 

.000 

(34) 

0-300 

.15 

3831 

14 

19/ =^27 

Bunch  or  Cone. 

.070 

(34) 

0-300 

.10 

ti088 

12 

19/ #25 

Bunch  or  Cone. 

.090 

(34) 

0-300 

.18 

10910 

10 

27/ #24 

Bunch 

.123 

(34) 

0-300 

.21 

2001 

10 

19/. 0117" 

Bunch  or  Cone. 

.000 

3  (47) 

0-000 

.18 

3831 

14 

19/  #27 

Bunch  or  Cone. 

.070 

3  (47) 

0-000 

.19 

(1088 

12 

19/ #25 

Bunch  or  Cone. 

.090 

3  (47) 

0-000 

.21 

10910 

10 

27/ #24 

Bunch 

.123 

3  (47) 

0-000 

.24 

U950 

8 

37/ #24 

Cone. 

.140 

4  (02) 

0-000 

.29 

24040 

r> 

01/  #24 

Cone. 

.180 

4  (02) 

0-000 

.35 

30700 

5 

91/ #24 

Rope 

.220 

4  (02) 

0-000 

.38 

42420 

4 

105/ #24 

Rope 

.240 

4  (02) 

0-000 

.41 

50500 

3 

125''  ^24 

Rope 

.  200 

4  (02) 

0-000 

.43 

OOliOO 

2 

1.50/ =24 

Rope 

.325 

4  (02) 

0-000 

.49 

90900 

1 

225/  #24 

Rope 

.390 

5  (78) 

0-000 

.58 

111100 

1/0 

275/ #24 

Rope 

.420 

5  (78) 

0-()00 

.01 

131300 

2/0 

325/ #24 

Rope 

.400 

5  (78) 

0-000 

.05 

181800 

3/0 

450/ #24 

Rope 

.  505 

5  (78) 

0-000 

.70 

222200 

4/0 

550/ #24 

Rope 

.590 

5  (78) 

0-000 

.79 

202000 

050/ #24 

Rope 

.000 

0  m) 

0-000 

.90 

313100 

775/ #24 

Rope 

.740 

0  (94) 

0-000 

.98 

3fi3700 

925/  #  24 

Rope 

.790 

0  (94) 

0-000 

1.04 

444400 

1100/ #24 

Rope 

.870 

0  (94) 

0-000 

1.11 

535300 

1325/  #24 

Rope 

.970 

7  (109) 

0-000 

1.24 

040400 

1000/ #24 

Rope 

1.000 

7  (109) 

0-000 

1.34 

777700 

1925/ #24 

Rope 

1.120 

7  (109) 

0-000 

1.40 

929200 

2300/ #24 

Rope 

1.230 

7  (109) 

0-000 

1.51 

1111000 

2750/ #24 

Rope 

1.370 

8  (125) 

0-000 

1 .  08 

NOTE;  .\t  tlie  option  of  the  purchaser,  the  nianufaeturer'.s  standard  type  of  stranding  will  he  accept- 
able providing  that  the  conductor  diameter  does  not  exceed  the  values  shown.  The  total  number  of  wires 
shall  be  as  specified,  plus  or  minus  one  percent,  except  1.50/  #24  which  may  vary  by  minus  two  percent, 
providing  that  the  conductor  diameter  does  not  exceed  the  values  shown. 


Air  oven  test  at  121  ±  1  C  for  168  hours 

Tensile  strength,  min  percentage  of  unaged  value   ....      50 

Elongation,  min  percentage  of  unaged  value    85 

Moisture  ab.sorption 

Gravimetric  method  at  70  ±  1  C  for  168  liour.s 

Maximum  mg  per  square   inch    20 

Electrical  method 

Increase  in  capacitance,  maximum,  percent 

1_14    days     10 

7—14    days     3 

Stability  factor 

After    14   days — ma.ximum    1-0 

Alternate  to  stability  factor 

Stability  factor  difference,  1  to  14  days,  maximum   .  .     0.5 

Flammability 

Vertical  flame   test   in   accordance   with   IPCEA-NEMA   R,  Para- 
graph 6.19.6. 

Oil  resistance  test 

After  immersion  in  oil  at  121  ±  1  C  for  18  hours,  the  tensile 
strength  and  elongation  shall  not  be  less  than  60  percent  of 
unaged  value.  Tests  shall  be  in  accordance  witli  Paragraph 
6.4.14.5  of  IPCEA-NEMA  R. 
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Electrical  Tests 

Voltage   Tests — Alternating   Current 

300-volt,  each  length  of  completed  cable  shall  withstand  a 
voltage  test  of  lOOO  volts,  for  18  and  16,  and  1500  volts 
for  sizes  14  through  10,  for  5  minutes  after  6  hours  immer- 
sion in  water. 

600-volt,  each  length  of  completed  cable  shall  withstand  a 
5-minute  voltage  test  at  the  values  specified  for  "Other  than 
Ozone-Resisting  Types,"  IPCEA-NEMA  R. 
Insulation  Resistance — Each  length  of  cable,  following  the  5- 
minute  voltage  test,  shall  show  an  insulation  resistance  cor- 
rected to  60  F,  of  not  less  than  the  value  R  as  calculated 
from  following  formula: 

R  =  K  logio  ^- 
a 

where  R  =  insulation  resistance  in  megohms  per  1000  ft 

K  =  20GO 

D  =  diameter  over  insulation 

d  '^  diameter  under  insulation 

Tests 

All  tests  to  be  in  accordance  with  Part  6  IPCEA-NEMA  R. 


Report  on  Assignment   13 

Railway  Electrification 
Collaborating  with   Mechanical   Division,  AAR 

K.  S.  NiEMOND  (chairman,  subcommittee),  R.  J.  Berti,  W.  F.  Bowers,  H.  F. 
Brown,  R.  Burn,  A.  B.  Costic,  F.  J.  Corporon,  B.  C.  Hallowell,  G.  B. 
Hauser,  W.  M.  Haynes,  R.  N.  Lane,  P.  A.  Smith,  F.  B.  McConnel,  C.  F. 
Mulrenan,  R.  F.  Pownall,  E.  Farrelley,  A.  G.  Raabe,  E.  B.  Shew,  E.  L. 
Tennyson,  V.  E.  Wannag,  R.  W.  Werts. 

Your  committee  reports  as  information  on  the  general  subject  of  railway  elec- 
trification. Of  the  six  assignments  to  our  subcommittee,  only  two  are  reported  on 
this  year.   The  reports   follow: 

13B,  Study  and   Report  on  Materials  and  Methods  for  Electrification 

B.   C.   Hallowell,   Chairman 

A.  BI-METALLIC  THIRD  RAIL 

An  experimental  bi-metallic  39-ft,  third-rail  section  on  the  Long  Island  Railroad 
was  removed  on  August  18,  1966,  in  connection  with  a  grade-crossing  elimination. 
Originally,  this  experimental  section  was  installed  in  August,  1962,  on  No.  1  track, 
east  of  the  Beech  Street  grade  crossing  in  Wantagh,  N.  Y. 
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Two  extruded  aluminum  bus  bars,  cross  sectional  area  1.8  sq  in,  were  bolted 
to  the  web  of  a  150-Ib  standard  Long  Island  third-rail  section,  one  on  each  side. 
The  bolts  were  %  in.  in  diameter  by  5/2  in  long,  with  hexagonal  nuts  and  washers. 
An  electrical  joint  compound  was  used  to  restrict  corrosion  and  insure  maximum 
electrical   contact  in   the  vicinity  of  the  bolts. 

Following  removal  of  the  aluminum  bars  from  the  third-rail  section,  a  close 
inspection  was  made  for  any  signs  of  corrosion.  The  surfaces  of  the  aluminum  bars 
and  the  third  rail  at  points  of  contact  were  found  to  be  normal;  no  evidence  of 
burning  was  observed. 

This  composite  third  rail  was  subjected  to  running  currents  of  2C00  amp  and 
starting  peaks  of  12000  amp.  It  also  withstood  the  elements  during  the  four-year 
period  tliat  it  was  in  service. 

A  number  of  authorities  that  are  now  considering  third-rail  systems  for  pro- 
posed high-speed  lines  are  thinking  of  using  bi-nietallic  third  rail,  since  normal 
running  currents  for  such  lines  are  more  than  double.  Also,  the  increased  accel- 
erating rates  and  higher  horsepower  necessary  to  obtain  the  desired  speeds  for 
rapid  transit  systems  require  very  high  starting  current  peaks.  It  is  thought  that  a 
bi-metallic  third  rail  will  increase  the  conductivity  of  contact  rails  and  negative 
return  to  minimize  the  \'oltage  drops  for  the  high  traction  currents  which  will  create 
heavier   demands   on   tlie   distribution   system. 

B.  SOLID  STATE  SUPERVISORY  CONTROL 

An  order  has  been  placed  with  a  manufacturer  to  furnish  an  additional  solid- 
state  supervisory  control  for  ten  substations  on  the  Long  Island  Railroad.  The 
display  panel  boards  \\i\\  be  installed  in  the  power  director's  office  at  Jamaica, 
N.  Y.  The  ultimate  goal  will  be  to  install  solid-state  supervisory  control  systems  for 
all  of  the  38  substations  now  supplying  traction  power  to  the  third  rail  system  from 
the  central  control  board  at  Jamaica,  N.  Y.  Future  extensions  of  electrification  will 
have  solid-state  controls  for  each  of  the  new  substations,  and  the  communication 
lines  will  be  arranged  to  control  the  stations  by  groups  on  the  various  branches 
that  may  be  scheduled  for  the  extensions. 

The  first  solid-state  control  system  installed  at  Long  Island  City  Substation 
No.  1  has  proven  to  be  satisfactory  and  provides  an  excellent  control  system  in  a 
compact  package  for  a  dependable  and  reliable  service  for  control  of  power 
supplying  an  electric  traction  system. 

C.  25-CYCLE  VS.   60-CYCLE  POWER 

The  Long  Island  Railroad  has  initiated  a  program  to  discontinue  the  use  of 
25-cycle  power,  for  operation  of  rotary-converter  equipment  to  supply  its  third  rail 
system,  in  favor  of  the  60-cycle  commercial  frequency.  New  silicon  rectifiers  will 
be  used  for  converting  the  60-cycle  current  to  700-v,  d-c  current  for  the  third-rail 
system.  The  utility  company  will  supply  60-cycle  commercial  frequency  to  locations 
for  new  substation  sites,  which  will  result  in  substantial  savings  in  transmission 
power  losses  and  in  the  cost  of  maintaining  railroad-owned  power  lines  for  cables 
and  overhead  line  circuits  in  electrified  territory. 

Changeover  of  25-cycle  to  60-cycle  power  has  benefited  a  number  of  supplies 
for  operation  of  float  bridges  and  drawbridges  in  the  Long  Island  City  area.  With 
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the  new  60-cycle  supply  to  these  facilities,  the  control  system  was  modernized  by 
using  solid-state  circuitry.  Greater  speed  regulation  and  protection  features  were 
obtained  which  were  not  avaliable  with  the  older  equipment. 

D.   ENGINEERING  STUDIES  FOR  THE  LONG  ISLAND  RAILROAD 

The  Metrolpolitan  Commuter  Transportation  Authority  has  authorized  Parsons- 
Brinckerholf,  Gibbs  &  Hill,  and  Klauder  Associates  to  progress  engineering  studies 
for  the  Long  Island  Railroad.  An  extensive  electrification  program  has  been  out- 
lined in  a  preliminary  report.  All  phases  of  railroad  operation  are  being  considered, 
including  improvement  of  track,  structures,  bridges,  stations  and  shops,  and  new 
high-speed  cars.  Work  has  been  started  on  the  station  improvements  by  building 
new  high-level  platforms  and  raising  the  level  of  lighting  at  station  platforms. 

E.   TURBINE-POWERED  RAIL  PASSENGER  CAR 

The  following  is  a  press  release  from  the  Metropolitan  Commuter  Transporta- 
tion Authority. 

Ronkonkoma,  N.  Y.,  Sept.  12 — The  eight  months  of  grueling  tests  that  began 
here  today  with  the  world's  first  turbine-powered  rail  passenger  car  may  be 
expanded  in  an  effort  to  develop  a  "two-headed  monster"  that  can  speed  passengers 
from  eastern  Long  Island  into  the  heart  of  Manhattan  without  that  familiar  change 
at  Jamaica — and  in  about  half  the  present  travel  time — Dr.  William  J.  Ronan, 
chairman  of  the  Metropolitan  Commuter  Transportation  Authority,  revealed. 

Such  a  revolutionary  "hybrid"  train  would  depend  on  turbine  engines  to  carry 
it  over  non-electrified  lines  on  the  east  end  of  Long  Island,  then  switch  to  third-rail 
power  to  complete  the  trip  across  the  electrified  western  portion  of  the  railroad 
and  through  the  tunnels  into  New  York  City,  Dr.   Ronan  explained. 

"There  are  many  complex  engineering  problems  involved,  but  we're  deter- 
mined to  explore  every  possibility  of  giving  eastern  Long  Islanders  the  finest  service 
modern  technology  can  produce,"  Dr.  Ronan  said. 

"Although  82  percent  of  the  Long  Island  Railroad's  commuters  live  in  areas 
where  improvement  and  extension  of  the  railroad's  electrification  and  purchase  of 
500  new  high-performance  electric  cars  will  thoroughly  modernize  service  in  the 
next  three  years,  we  have  no  intention  of  making  second-class  riders  of  the  remain- 
ing   18  per   cent. 

"That's  why,  three  full  months  before  it  completed  purchase  of  the  LIRR,  the 
MCTA  started  the  wheels  turning  for  this  $1,386,000  federal-state  demonstration 
project  to  see  if  air-age  propulsion  could  be  adapted  to  provide  faster,  more  reliable, 
more  economical  transportation  on  non-electrified  portions  of  the  LIRR." 

Start  of  the  turbine  car  experiment  on  a  20-mile  test  track  section  of  the 
LIRR's  main  line  between  Ronkonkoma  and  Bethpage  came  less  than  two  weeks 
after  the  Authority  had  announced  that  its  $200  million  improvement  program  for 
the  LIRR  is  already  under  way. 

Phase  1  of  the  modernization  project,  which  will  be  completed  within  three 
years,  includes  the  purchase  of  500  new  electric  commuter  cars  capable  of  cruising 
upwards  of  100  mph  and  costing  approximately  $90  million;  a  program  of  $34.5 
million  in  electrification  improvements  and  extension,  and  construction  of  high-level 
platforms  throughout  the  electrified  territory  of  the  railroad. 
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Turbine-driven  rail  car  being  tested   on  the  Long  Island  Railroad. 


RAILCAR  TRUCK 


75  KVA  ALTEI^ATOa 


AIR  INin 


TORQUE  CONVERTER 
EXHAUST  ^  831  GAS  TURBINE  ENGINE 

Propulsion   system   for  turbine-driven   rail  car  shown   above. 


If  the  turbine  engines  work  out  as  well  on  railroad  cars  as  they  already  have 
on  airplanes  and  automobiles — and  that's  what  the  test  program  is  designed  to  find 
out — equipment  of  this  type  could  be  substituted  for  the  diesel-drawn  trains  that 
now  operate  over  two-thirds  of  the  LIRR's  total  trackage,  Dr.   Ronan  pointed  out. 

From  the  passenger's  standpoint,  this  could  result  in  significant  reductions  in 
travel  time,  thanks  to  the  turbine  car's  quick  acceleration  and  high  cruising  speeds. 
It  would  also  provide  a  smoother,  quieter,  more  comfortable  ride. 

The  turbine  car's  simplified  power  plant  would  reduce  the  frequency  for  major 
overhauls,  thus  cutting  shop  expenses  for  the  railroad  and  making  the  equipment 
available  for  sers'ice  a  greater  percentage  of  the  time. 
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On  top  of  this,  the  dependabihty  of  turbine  engines,  as  evidenced  by  aircraft 
performance  records,  promises  to  cut  down  delays  resulting  from  breakdowns,  and 
the  lighter  weight  of  the  car  would  appreciably  reduce  track  maintenance 
requirements. 

"If  the  present  tests  prove  that  turbine  cars  can  be  successfully  operated  under 
tlie  grueling  requirements  of  a  suburban  railroad,  the  MCTA  will  be  able  to  save 
vast  sums  of  money  that  would  be  needed  to  extend  the  Long  Island's  electrification 
into  lightly  traveled  areas  and,  at  the  same  time,  give  the  people  of  these  areas  the 
ultimate  in  speed,  comfort  and  dependability,"  Dr.  Ronan  said. 

"And,  since  there  are  hundreds  of  miles  of  non-electrified  lines  on  other  com- 
muter railroads  serving  the  New  York  Metropolitan  area,  results  of  the  test  program 
can  have  widespread  cost-saving  effects  on  other  railroads,  too." 

Cooperating  with  the  MCTA  and  the  Federal  Department  of  Housing  and 
Urban  Development  in  carrying  out  the  experimental  program  are  tlie  Tri-State 
Transportation  Commission  and  the  New  York  State  Office  of  Transportation. 

The  Department  of  Housing  and  Urban  Development  is  financing  two-thirds 
of  the  cost  of  the  demonstration  project,  and  the  State  of  New  York  and  the  Budd 
Company  are  sharing  the  remaining  third  of  the  costs. 

13D-a,   Developments  in   the   Field   of  Electrification 
(Domestic  and   Foreign) 

L.  W.  BmcH,  Chairman 

COMMON   INTERESTS   OF   RAILROAD  AND   UTILITIES 

Both  the  railroads  and  the  utilities  are  affected  by  population  growth  and  the 
growth  of  the  total  U.  S.  economy.  Both  must  provide  for  expanded  services.  In  so 
doing,   certain   common   interests  become   apparent. 

Electric  utilities  are  important  customers  of  the  railroads.  They  need  increas- 
ing volumes  of  coal,  and  require  that  the  transportation  charges  be  as  low  as  pos- 
sible. To  remain  competitive,  railroads  must  continue  to  develop  better  methods  of 
delivering  low-cost  fuel  to  the  utilities. 

THE  NEED  FOR  HORSEPOWER 

The  amount  of  pulling  force  required  to  move  a  train  depends  upon  the 
weight  of  the  train,  the  grade  to  be  negotiated,  and  the  "train  resistance."  The 
horsepower  required  for  a  given  load  and  grade  depends  on  the  speed  at  which 
the  train  is  to  be  moved.  Thus,  other  things  being  equal,  increased  speed  requires 
increased  horsepower. 

It  is  expected  that  the  trend  toward  the  use  of  higher  horsepower  locomotives 
to  obtain  still  greater  speeds  will  continue.  This  trend  toward  high  speed  will  be 
most  strongly  felt  in  areas  of  high  traffic  density.  When  traffic  density  reaches  a 
certain  level,  it  becomes  necessary  to  add  more  power  to  increase  the  speed  of  even 
the  slower  scheduled  trains,  to  avoid  their  getting  in  the  way  of  higher  priority 
freight  movements. 

High  horsepower  is  easier  to  build  into  an  electric  locomotive  than  into  a 
diesel-electric  locomotive.  The  diesel-electric  must  carry  its  own  power  plant  and 
fuel,  and  in  the  present  state  of  the  art,  reaches  limitations  of  space  and  weight  at 
about  4000  hp  on  60  axles.  On  the  other  hand,  an  electric  locomotive  of  correspond- 
ing weight  can  be  built  to  produce  as  much  as  7000  to  8000  hp.  On  high-speed 
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trains,  fewer  high-horsepower  electric  locomotives  would  be  required  to  give  the 
same  performance  as  diesel-electric  units. 

The  cost  of  maintaining  the  electric  locomotive  is  estimated  to  he  one-third 
as  much  as  equivalent  diesel-electric  units.  The  basic  reason  for  this  is  that  the 
diesel  engine  and  associated  equipment  account  for  more  than  one-half  the  total 
maintenance  cost  of  the  diesel  locomotive.  A  16-cylinder  engine  has  over  9000 
parts;  approximately  30  percent  of  them  are  moving  parts.  The  typical  railroad 
diesel  engine  at  full  load  experiences  a  50'-ton  blow  on  the  head  of  each  piston 
500  times  per  minute.  By  comparison,  the  electric  locomotive  has  a  transformer  with 
no  moving  parts.  It  is  estimated  that  the  maintenance  cost  on  a  new  straight  electric 
locomotive  would  average  $12,000  annually  during  a  51-year  period.  Two  and 
one-half  new  diesel-electric  units  required  to  provide  equivalent  horsepower  would 
average  $37,500  annually  for  maintenance   over  a    15-year  period. 

The  economic  life  of  an  electric  locomotive  is  approximately  twice  that  of  a 
diesel-electric,  primarily  because  there  are  fewer  parts  to  wear  out.  The  Pennsyl- 
vania Railroad  electric  locomotives  built  30  years  ago  are  still  in  service  and  still 
giving  magnificent  performance.  In  fact,  no  single-unit  locomotive  in  service  in  the 
world  today  equals  their  performance.  A  single  unit  will  draw  as  much  as  9000  hp 
from  the  pantagraph  when  accelerating  a  train. 

The  availability  of  a  locomotive  is  expressed  as  a  percentage  of  time  it  is 
available  for  service.  Experience  has  .shown  that  the  availability  of  modern  electric 
locomotives  averages  95  percent;  diesel-electric  locomotive  availability  averages 
90  percent.  Although  the  difference  between  these  two  figures  is  small,  the  sig- 
nificance is  that  the  out-of-service  time  of  the  electric  is  only  one-half  as  much  as 
tile  diesel.  This  difference  can  be  attributed  primarily  to  the  fact  that  an  electric 
locomotive   has   no   diesel   engine. 

The  conclusion  is  that  the  electric  locomotive  has  many  operating  advantages 
over  the  diesel-electric,  permits  more  design  latitude  for  providing  superior  per- 
formance and,  where  economically  justified,  is  better  suited  to  the  future  require- 
ments of  railroading  than  any  internally-powered  unit  developed  to  date. 

At  a  rate  of  8  mills  per  kilowatt  hoiu",  10  cents  worth  of  electricity  equals 
10  cents  per  gallon  diesel  fuel  cost. 

On  the  Pennsylvania  Railroad  the  value  of  electrification  was  confirmed  by  the 
purchase  of  66  new  electric  locomotives  to  replace  30-year-old  units.  The  very 
dense  inter-city  traffic  on  the  lines  leading  into  New  York  and  Philadelphia  is 
ample  justification  for   continuing  electric  operation. 

The  successful  development  of  the  silicon  rectifier  locomotive  makes  it  prac- 
ticed to  use  single-phase,  25  kv,  60  cycles  as  the  power  supply  to  the  locomotives. 
This  would  greatly  reduce  the  cost  of  the  roadway  construction  and  changes 
required  for  electrification  compared  with  the  costs  that  would  be  incurred  if  the 
single-phase   12  kv,  25  cycle  system  were  used. 

ELECTRIFICATION   COMPLETE   FROM   LANCASHIRE  TO  LONDON 
THE  OVERHEAD  EQUIPMENT— DESIGN  AND  ERECTION 
(Exclusive   to   the   American    Railway   Engineering   Association) 
By  P.  D.  Smith,  MA,  AMIEE 

Electrification  at  25  kv,  50  cycles,  ac,  of  the  lines  from  London  to  Northwest 
England   was   authorized   in    1955,   and  in    1957   the   erection   of  the   overhead   was 
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started.  The  Manchester-Crews  section  was  the  first  to  be  electrified  (Fig.  1), 
followed  by  Liverpool-Crewe  (1960),  Crewe-StafFord  (1962),  StafFord-Rugby 
(1964)   and  Rugby-London   (November  1965). 

From  January  1966  all  trains  into  Euston  were  electrically-hauled,  and  in  April 
1966  new  timings  were  introduced.  Trains  that  in  196.5  took  3/4  hours  from  London 
to  Liverpool  now  take  only  2  hours  35  minutes,  averaging  75  mph  ( 121  km/h ) . 
The  end  of  1966,  when  the  lines  serving  Birmingham  and  Stoke-on-Trent  are  also 
completed,  400  miles  (640  km)  of  route  and  over  1500  miles  (24€0  km)  of  track, 
including  sidings  and  goods  yards,  will  have  been  electrified. 

Busiest  Line 

The  traffic  density  on  the  158  miles  (254  km)  between  Euston  and  Crewe,  123 
miles  (198  km)  of  which  are  quadruple  track,  is  over  400  trains  a  day,  and  it  is 
believed  to  be  the  busiest  main  line  in  the  world.  Nevertheless,  normal  train  services 
have  been  maintained  throughout  the  long  construction  period,  and  major  diversions 
have  been  few  despite  the  contractors'  need  for  track  occupations  for  laying  foun- 
dations, erecting  steelwork  and  running  out  conductors.  Day  in,  day  out — at  week- 
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ends,  ofF-peak  times  and  sometimes  throughout  the  nisht — the  work  has  continued. 
Offices  and  depots  were  estabHshed  at  Crewe,  Ruj^by,  near  London  and  near 
Birmingham,  and  there  were  six  other  depots  for  stores. 

Arrangement  of  Equipment 

Considerable  work  is  b.eing  done  on  the  dynamics  of  contact-wire  systems.  On 
this  contract  speeds  up  to  100  mph  (  161  km/h)  were  required,  and  the  performance 
of  the  overhead  equipment  was  studied  throughout  and  lieyond  the  stipulated 
speed-range  by  means  of  a  dynamically  scaled  model.  Additional  information  was 
obtained   under  service   conditions   from  a   British   Railways'   pantograph  test  coach. 

Good  collection  of  current  at  high  speeds  depends  on  the  uniformity  of  stiff- 
ness of  the  overhead  equipment.  Several  arrangements  have  been  used.  At  first, 
simple  equipment,  having  a  single  catenary  with  droppers  to  support  the  contact 
wire,  was  regarded  as  satisfactory  only  for  speeds  up  to  75  mph  (121  km/h); 
stitched  or  compound  equipment  was  used  for  higher  speeds.  Stitched  equipment 
has  an  additional  short  dropper-supporting  wire  tensioned  across  the  "peak"  of  the 
catenary  at  each  supporting  structure  to  reduce  the  stitincss  of  the  equipment  at 
this  point;  wliile  compound  equipment  has,  suspended  from  the  main  catenary,  an 
auxiliary  catenary,  which  in  turn  supports  the  contact  wire  by  looped  droppers. 
This  arrangement  gives  the  equipment  more  uniform  stiffness  along  its  whole  length. 

Recent  developments  have  shown,  however,  that  by  altering  the  spacing  of 
droppers  and  introducing  a  slight  sag  in  the  contact  wire,  simple  equipment  will, 
in  the  future,  be  satisfactory  for  100  mph   (161  km/h). 

Tensioning,  and  Support 

On  high-speed  lines  the  tension  in  the  equipment  is  kept  constant  by  balance 
weights  at  each  end,  the  catenary  being  held  stationary  at  its  mid-point.  On  low- 
speed  lines  (up  to  60  mph  (97  km/h)  and  in  sidings,  die  equipment  is  often  fixed 
to  anchor-structures  at  each  end. 

The  catenary  is  supported  from  steel  masts  or  portal  structures.  The  steelwork 
is  galvanized  to  minimize  maintenance.  For  single-  and  double-track  routes,  can- 
tilever supporting-frames  incorporating  insulators  are  hinged  to  the  masts  so  that 
the  along-track  movement  required  for  balance-weight  tensioning  may  be  obtained. 
For  routes  with  more  than  two  tracks,  portal  structures  are  used,  with  the  cate- 
naries, in  the  case  of  balance-weight-tensioned  equipment,  supported  by  pulleys  on 
the  insulators. 

At  each  structure  tlie  contact  wire  is  registered  laterally,  relative  to  the  center- 
line  of  the  track,  by  a  steady-arm.  Tlie  registration  is  arranged  to  give  the  wire 
a  zig-zag  configuration,  so  that  it  sweeps  continuousK-  from  side  to  side  across  the 
pantograph  head. 

Neutral  Sections 

For  sectioning  the  equipment,  porcelain  section-insulators  are  used  on  low- 
speed  lines  and  glass-fibre  insulators  covered  with  ceramic  beads  on  high-.speed 
lines.  With  the  latter,  neutral  sections  for  separating  different  electric  phases  need 
be  only  15  ft  (4,  6  m)   long. 

At  over-bridges  and  tunnels,  the  overhead  equipment  is  brought  down  low 
and  condensed  into  a  compact  form  to  enable  the  required  clearances  to  bridge  and 
trains.  Even  so,  many  bridges  had  to  be  reconstructed  to  provide  the  required 
clearances,  and  this  provided  opportunities  to  realign  or  widen  roads  across  the 
railway. 
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In  order  to  minimize  interference  with  circuits  near  the  line  and  dangerous 
induced  voltages  on  adjacent  metal  work,  return  currents  are  induced  in  special 
conductors  running  parallel  to  the  equipment  by  means  of  booster  transformers. 
The  resulting  electro-magnetic  fields  oppose  those  set  up  by  the  traction  currents 
and   currents   through   the  earth   are  reduced. 

Mechanized  Erection 

To  reduce  the  time  and  manpower  required  for  erection  and  to  minimize  track 
occupation,  rail-mounted  mechanical  equipment  was  developed  for  the  Manchester- 
Crewe  section  and  subsequently  became  standardized.  The  sequence  of  trains  was 
as   follows: 

The  excavation  train  had  a  rail-mounted  auger  which  bored  cylindrical  excava- 
tions very  quickly  except  in  loose  ash  or  rock.  With  a  single  operator  in  control, 
holes  were  excavated  up  to  42  in.  ( 106  cm )  in  diameter,  up  to  14  ft  ( 4,3  m ) 
below  rail  level,  and  up  to  15  ft  (4,6  m)  from  the  center  of  the  track. 

The  concreting  train  carried  continuous-flow  concrete  mixers,  supplied  with 
sand  and  gravel  from  hopper  wagons  by  conveyor  belts.  Water  and  cement  were 
piped  to  the  mixers,  and  a  diesel  generator  provided  the  electric  power  for  tlie 
whole  train,  which  mixed  and  poured  a  structure  foundation  every  few  minutes 
and  had  an  output  of  up  to  35  cu  yd  (26,8  m'')  of  mixed  concrete  an  hour.  Push- 
button operation  enabled  one  operator  to  control  the  whole  mixing  process. 

The  steelwork  train  consisted  of  a  diesel  or  steam  self-propelled  crane,  usually 
of  2/2  tons  or  10  tons  capacity,  and  flat  wagons  for  transporting  the  steel  members. 
The  masts  were  correctly  set  for  height  and  position  in  core  holes  in  the  founda- 
tions, then  held  by  clamping  angles  until  grouted-in.  Other  types  of  mast  were 
held  by  bolts  set  in  the  foundations.  Rail-mounted  articulated  extensible  platforms 
were  used  for   erecting  cantilevers  and  fixing  attachments  in  tunnels. 

Wiring  trains  were  made  up  from  flat-roofed  coaches  with  wagons  at  each 
end  for  the  conductor  drums.  The  coaches  contained  stores,  mess  facilities  and 
workshops.  Linesmen  working  from  the  flat  roofs  controlled  the  running  out  of  the 
catenary  and  contact  wires.  In  the  case  of  compound  equipment,  the  main  catenary 
19/. 083"  (19/2,108  mm)  hard-drawn  cadmium-copper  strand,  was  nm  out  first 
and  secured  to  the  supports.  Then  the  auxiliary  catenary,  7/. 083"  (7/2,108  mm) 
hard-drawn  cadmium-copper  strand,  was  run  out  and  suspended  by  dropper  wires 
from  the  main  catenary.  Finally,  the  hard-drawn  cadmium-copper  contact  wire 
with  cross-sectional  area  of  0.166  sq  in  (107  mnr)  was  run  out  and  suspended 
from  the  auxiliary  catenary  by  looped  droppers. 

Pantograph  trains  were  used  for  adjusting  and  checking  the  overhead  equip- 
ment, and  bridge  trains,  with  worknig  platforms  at  different  heights,  for  installing 
special  equipment  under  bridges.  Some  of  the  construction  trains  were  provided 
with  anti-glare  floodlighting  for  working  in  tunnels  and  at  night. 

Final  Inspection 

When  installation  was  completed,  section  proving  was  carried  out  to  dheck 
the  electrical  sections  and  insulation.  British  Railways  Signals  &  Telecommunica- 
tions Department  tested  for  interference  under  various  feeding  and  short-circuit 
conditions,  to  verify  the  calculations  made  at  the  design  stage,  and  a  Ministry  of 
Transport  inspector  also  reviewed  the  work.  After  satisfactory  completion  of  all 
these  tests  and  inspections,  the  first  electric  locomotives  were  run  under  the 
equipment. 
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BRITISH   ELECTRICAL   EQUIPMENT   FOR   RAILWAYS 

(Taken   from    Entiineerins    in   Britain   Information   Services) 

1.  Ac-Electrified  Main  Line  Opened  in  England 

On  November  22,  1965,  the  first  British  passenger  express  train  hauled  through- 
out its  journey  by  an  a-c  electric  locomotive,  left  Euston  Station,  in  London,  for 
Liverpool  (Fig.  2).  Thus  was  inaugurated  the  London-Manchester-Liverpool  elec- 
trified line,  the  most  important  single  feature  of  Britisli  Railways'  £  170-million 
project  to  modernize  the  railway  system  linking  London,  in  Southeast  England, 
with   the  industrial  centers  of   the   Midlands  and  Northwest. 

The  project,  begun  in  1957,  is  the  largest  ever  undertaken  by  British  Railways. 
When  finally  completed  late  in  1966,  it  will  have  involved  the  electrification  of 
398  miles  (641  km)  of  route  and  1480  miles  (2382  km)  of  track  using  the  single- 
phase  a-c  system  at  25  kv,  50  cycles,  the  building  of  two-hundred  3500-hp  electric 
locomotives  and  99  four-coach  electric  train  sets,  and  complete  renewal  of  the 
track  and  the  signalling  and  telecommunications  systems  to  enable  speeds  of  100 
mph  (160  km/h)  to  be  consistently  achieved  in  safety  and  comfort.  While  the 
work  has  proceeded,  moreover,  traffic  How  has  been  maintained  on  what  is  prob- 
ably the  busiest  main  line  in  the  world.  All  that  now  remains  to  be  done  is  the 
completion  of  electrification   on   the  loops   serving  Birmingham  and   Stoke-on-Trent. 

Since  January  3,  1966,  all  trains  nuining  in  and  out  of  Euston  have  been 
electrically-hauled  (Fig.  3),  but  until  April  18  intercity  trains  used  the  former 
steam    schedules    and    commuter    services    will    be    only    slightly    speeded-up.    The 
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Fig.  3. 


purpose  of  this  rather  leisurely  start,  during  which  the  equipment  will  perform 
well  below  its  true  capabilities,  is  to  provide  a  period  of  acclimatization  for  the 
railway  staff,  so  that  the  intensive  full-speed  services  will  be  completely  reliabe 
right  from  the  start. 

These  services  will  comprise  20  express  passenger  trains  a  day  between  Lon- 
don and  Manchester  and  16  between  London  and  Liverpool,  as  well  as  about  twice 
as  many  stopping  trains  as  at  present.  The  fastest  time  to  both  Manchester  and 
Liverpool  will  be  2  hours  and  35  minutes,  an  average  speed  of  75  mph  (121  km/h), 
compared  with  present  best  times  of  3  hours  10  minutes  and  3  hours  40  minutes, 
respectively.  When  an  hourly  service  to  Birmingham,  with  a  fastest  time  of  1  hour 
34   minutes,    is   introduced   in   January    1967,   England's   four   largest   cities   will   be 
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interconnected  by  a  rail  service  which  for  frequency,  speed  and  comfort  will  be 
unsurpassed  in  Europe  or  America.  From  city  center  to  city  center  it  will  be  highly 
competiti\e    with    the   internal    air   sers'ices   provided   by   British   European   Airways. 

2.  Technical  Conference   on    Railway  Electrification 

Following  the  completion  of  25-kv  a-c  electrification  of  the  main  railway  lines 
between  London,  Birmingham,  Liverpool  and  Manchester,  an  international  tech- 
nical conference  was  held  in  Britain  on  October  25  and  26,  1966,  sponsored  jointly 
by  the  British  Railways  Board  and  the  Institutions  of  Civil  Engineers,  Electrical 
Engineers,  Locomotive  Engineers,  Mechanical  Engineers  and  Railway  Signal  Engi- 
neers. Railway  engineers  from  countries  all  over  the  world  where  electrification  is  in 
use   or  is   under   construction   attended  the  conference. 

On  October  25th,  four  papers  describing  the  electrification  project  and  the 
associated  civil  engineering,  signalling  and  telecommunications  works  were  intro- 
duced by  their  authors,  who  are  S.  B.  Warder,  formerly  chief  electrical  engineer 
of  British  Railways  and  now  technical  consultant  to  the  United  Kingdom  Railway 
Advisory  Service;  A.  H.  Emerson,  chief  mechanical  and  electrical  engineer  of 
British  Railways'  London  Midland  Region;  A.  N.  Rutland,  chief  engineer  (Way 
and  Works),  British  Railways  Board;  and  E.  G.  Brentnall,  chief  signal  and  tele- 
communications engineer,  London  Midland  Region.  The  papers  were  followed  by 
discussion  and  by  films  illustrating  technical  a.spects  of  the  electrification.  On  the 
following  day  there  were  visits  to  installations  connected  with  the  electrification, 
including  the  large  signal-box  at  Rugby  and  the  electric-locomotive  simulator  used 
to   instruct   drivers. 

3.  Acoustic   Telemeter  Monitors   High-Voltage   Equipment 

An  acoustic  method  of  transmitting  to  earth  measurements  of  the  movements 
of  equipment  energized  at  25  kv  has  been  developed  by  the  Research  Department 
of  British  Railways.  It  can  be  applied  both  to  overhead  power-supply  systems  and 
to  pantographs  mounted  on  a  moving  vehicle,  and  is  suitable  for  measuring  such 
parameters  as  forces,  displacements  and  accelerations.  Under  all  normal  atmospheric 
conditions  it  records  signals  with  frequencies  from  dc  to  50  cycles  within  an 
accuracy  of  — 5  percent.  The  acoustic  method  of  transmissions  avoids  the  difficul- 
ties of  accormnodating  heavily  insulated  signal  transformers  or  of  obtaining  a  license 
to  use  FM   radio,  these  being  the  main  alternatives. 

4.  Electric  Heaters  for  Railway  Points 

A  system  of  electric  heaters  which  prevents  ice  and  snow  from  interfering  with 
the  working  of  railway  points  has  been  installed  ( Fig.  4 ) .  The  heaters,  which  con- 
sist of  cartridge  heating  elements  inserted  into  jar  blocks  and  clamped  to  the  out- 
side of  the  rails,  can  be  operated  manually  or  can  incorporate  a  thermostat  which 
turns  them  on  automatically. 

A  standard  rail  switch  normally  recjuires  between  16  and  20  heaters,  8  or  10 
per  rail,  and  in  Britain  the  loading  per  element  is  usualy  about  200  w,  giving  a 
temperature  differential  between  rail  and  atmosphere  of  appro.ximately  20  F  (11  C). 
This  loading  can  be  increased  for  more  extreme  conditions,  however.  The  elements 
can  be  made  to  suit  any  particular  voltage  up  to  250  v,  the  most  common  values 
being  50,  110  or  220  v.  When  used  with  a  low- voltage  supply  they  are  usually  fed 
via  a  double-wound  transformer  having  a  mid-point  tapping.  Connections  can  be 
made  using  a  cable  harness  or  by  enclosing  the  wires  in  conduits. 
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Fig.  4. 


5.  Automatic  Switch  for  Railway  Points  Heaters 

British  Railways'  Engineering  Research  Laboratories  have  developed  a  two- 
stage  device  which  will  automatically  switch  on  railway  points  heaters  when  the 
temperature  falls  to  the  freezing  point  and  precipitation  of  some  kind  is  occurring, 
but  which  is  not  actuated  by  either  condition  singly.  It  is  to  be  tested  in  service  in 
Scotland,  and  will  then  be  installed  in  remote  places  where  there  is  difficulty  in 
bringing  points  heaters  into  operation  quickly.  It  should  ensure  complete  protection 
for  the  points  from  frost,  snow  and  freezing  rain  while  minimizing  the  consumption 
of  electricity  or  gas.  If  desired,  one  device  can  control  any  nvunber  of  heaters. 

The  device  consists  of  an  open  conical  funnel  (Fig.  5),  with  a  built-in  electric 
heating  element  which  is  switched  on  by  a  thermostat  as  soon  as  the  temperature 
falls  to  the  freezing  point.  The  heat  causes  any  precipitation  already  deposited  in 
the  funnel,  or  occurring  subsequently,  to  drip  down  the  funnel,  where  it  bridges  an 
electric  circuit  between  two  electrodes.  This  in  turn  switches  on  tlie  points  heaters, 
which  may  be  either  electric  or  gas-fired.  The  points  heaters  then  remain  on  until  the 
temperature  rises  above  freezing  point,  when  the  same  thermostat  switches  them  off. 

6.  Silicon  Rectifiers  for  Lisbon  Underground 

To  provide  traction  power  for  a  1-mile  (1,6  km)  extension  to  the  Lisbon  under- 
ground railway  system,  which  uses  a  750-v,  d-c  third-rail  supply,  a  new  .3-mw  sub- 
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Fig.  5. 


station  is  being  installed  at  Anjos  on  the  north  side  of  the  city.  Alternating  current 
svvitchgear  and  two  semi-conductor  rectifiers  for  his  substation  are  being  built  in 
England  (Fig.  6),  while  the  associated  transformers  are  being  constructed  in  Por- 
tugal. Semi-conductor  rectifiers  are  being  chosen  for  all  extensions  to  the  Lisbon 
system,  although  the  original  substations,  installed  when  the  railway  was  opened 
in   1958,  used  mercury-arc  units. 


Fig.  6. 
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The  rectifiers  for  the  Anjos  substations  are  siUcon-diode  units  with  a  continu- 
ous rating  of  1500  kw  each,  and  capable  of  withstanding  peak  loads  of  300  percent 
for  up  to  2  minutes.  This  is  achieved  by  employing  liquid-filled  busbars  to  act  as 
thermal  storage  devices  and  protect  the  diodes  themselves  from  excessive  rises  of 
temperature.  The  a-c  switchboard  for  Anjos  will  comprise  six  panels  of  10-kv  metal- 
clad  switchgear  with  a  current  rating  of  800  amp  and  breaking  capacity  of  250  mva. 

7.  New  Electric  Stock  for  South  Africa 

For  the  latest  extensions  to  their  3000-v,  d-c  electrified  railway  system,  which 
now  covers  more  than  1900  miles  (3060  km)  of  route.  South  African  Railways  have 
ordered  two-hundred-twenty-five  22C0-hp  main-line  electric  locomotives  similar  to 
those  already  in  service  (Fig.  7),  and  247  multiple-unit  coaches,  including  70  motor 
coaches,  which  will  run  on  suburban  lines  at  Durban.  The  electric  traction  equip- 
ment for  this  stock  is  worth  altogether  more  than  £  10-million.  About  half  of  it  will 
be  manufactured  in  the  U.K.  and  the  rest  by  the  South  African  associates  of  the 
two  companies. 

The  locomotives,  designated  Class  5E1,  have  a  Bo-Bo  wheel  arrangement  and 
a  cab  at  each  end,  and  are  intended  for  mixed  traffic  duties.  They  have  a  maxi- 
mum speed  on  level  track  of  60  mph  (97  km/h).  They  can  be  used  in  multiple, 
and  have  sufficient  regenerative  braking  capacity  to  handle  the  heaviest  freight 
trains  on  long  down-grades.  The  four  traction  motors  may  be  connected  all  in 
Series,  or  in  parallel  groups  of  tw'o  in  series,  for  both  motoring  and  regeneration. 
During  motoring,  three  stages  of  field-weakening  are  available  in  both  combinations. 


Fig.  7. 
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The  multiple-vinit  motor  coaches,  designated  Type  5M2A,  have  a  driving  cab 
at  one  end  only,  hacked  by  compartments  containing  the  electrical  equipment  and 
filtering  apparatus  for  the  ventilating  air;  beyond  these  there  is  a  passenger  com- 
partment with  up  to  96  seats.  Trains  can  be  made  up  with  a  ratio  of  up  to  three 
trailer  coaches  for  every  motor  coach,  and  their  maximum  service  speed  is  60  mph 
(97  km/h). 

With  the  completion  of  these  orders,  British  manufacturers  will  have  equipped 
1100  electric  locomotives  and  642  multiple-unit  motor  coaches  on  South  African 
Railways.  Of  the  first  95  electric  locomotives  supplied  by  one  manufacturer  in 
1924-25,  all  but  one  (which  \\'as  scrapped  after  a  bad  accident)  are  still  in  service, 
having  completed  over  2/2  million  miles  (4  million  km)  each.  Four  of  them  have 
exceeded  3  million  miles  (4,8  million  km). 

8.  Driverless   Trains    for  Underground   Line — Braking  Control   Equipment 

The  early  trial  system  used  a  "field-divert"  circuit  to  vary  the  degree  of  rheo- 
static  braking.  Subsequently,  a  more  refined  method  of  control  using  an  armature 
switching  arrangement  was  developed  and  found  on  testing  to  give  an  even  more 
satisfactory  performance;  this  system  has  consequently  been  adopted  for  the  produc- 
tion trains  now  being  built.  The  122  traction  control  units  required  for  these  trains, 
will  automatically  accelerate,  coast  and  brake  the  trains,  without  the  intervention 
of  a  driver,  by  coded  command  signals  picked  up  from  the  track. 


OTHER  FOREIGN  DEVELOPMENTS 

Electrical  Features  of  the  New  Tokaido  Line  (From  January  1966  Spectrum,  IEEE) 

The  line  was  opened  for  regular  service  on  October  1,  1964,  with  two  trains 
every  hour  in  each  direction;  one  makes  the  515-km  journey  in  4  hours  with  2 
intermediate  stops,  and  one,  requiring  5  hours,  stops  at  all  10  intermediate  stations. 
These  running  times  were  cut  by  an  hour  in  November  1965.  The  initial  schedule 
provided  26  through  trains  and  4  shorter-distance  runs  each  way  every  day,  with 
a  fleet  of  360  multiple-unit  electric  coaches.  Each  train  consists  of  12  coaches  with 
987  seats.  The  number  of  trains  has  been  progressively  increased,  going  to  43  trains 
per  day  in  October.  This  figure  can  be  further  increased  to  80  trains  with  present 
facilities  by  adding  more  cars  to  the  fleet,  and  to  160  trains  if  termiucUs  and  serv- 
icing facilities  are  expanded  and  if  all  trains  continue  to  run  at  the  same  average 
speed.  These  capacities  are  based  on  day  service  only,  with  no  trains  operating 
between  midnight  and  6  in  the  morning. 

During  11  months  of  revenue  service,  more  than  20  million  passengers  chose 
to  travel  on  the  new  line,  proving  the  capability  of  railroads  to  provide  safe  and 
dependable  mass  transportation  in  the  new  domain  of  high  speed. 

Control  Center 

In  a  modern  building  at  a  corner  of  Tokyo  Central  Station  is  the  control  center, 
the  brain  and  the  heart  of  the  New  Tokaido  Line.  The  specialized  dispatchers  in 
this  center  continuously  supervise  the  automatic  equipment  and  control  the  opera- 
tion of  trains  through  utilization  of  many  novel  supervisory  and  remote-control 
mechanisms  to  provide  and  assure  regular,  safe,  and  comfortable  high-speed  train 
service  for  the  passengers. 
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Automatic  Train-Control  System 

A  high-speed  railroad  deserves  its  name  only  when  a  perfect  train  safety 
system  matched  to  the  speed  is  properly  achieved.  The  New  Tokaido  Line  has  a 
system   called   automatic  train  control   (ATC). 

The  system  depends  on  track  circuits  as  in  the  conventional  automatic  block 
system,  but  signals  received  by  trains  from  the  rails  are  indicated  on  the  cab-signal 
indicator,  and  are  simultaneously  compared  with  the  running  speed.  If  the  speed 
is   liigher,   braking   is   automatically   applied;    if  lower,   the   brake   remains   released. 

Trains  under  this  system  are  controlled  by  six  aspects  of  cab  signal  indications 
in  six  stages.  Audio-frequency  track  circuits  were  developed,  using  a  single-sideband 
system,  synchronized  with  the  60  cycles  of  the  contact  conductors,  to  prevent 
disturbances  from  similar  harmonics  of  traction  current. 

All  ATC  apparatus  are  completely  transistorized.  Transmitters  and  receivers 
of  track  circuits  are  concentrated  at  29  air-conditioned  wayside  cubicles  along  the 
track.  They  are  connected  to  the  rails  through  aluminum-covered  star-quadded 
polyethylene  cables.  Insulated  expansion  joints  of  a  special  design  are  inserted  on 
the  long-welded  rails  at  the  boundary  of  the  circuits. 

The  system  is  designed  to  be  free  from  faults,  and,  if  one  should  occur,  to  be 
fail  safe.  These  requirements  are  satisfied  by  use  of  reliable  components  of  high 
quality,  carefully  located  in  protected  positions,  and  the  utilization  of  duplex  sys- 
tems for  principal  parts  (and  also  in  two  out  of  three  systems  in  receiver  sets)  so 
that  the  system  may  have  ample  redundancy. 

Reliability  calcvilations  were  repeated  in  the  course  of  design,  and  data  con- 
cerning prototypes  on  the  test  section  were  analyzed  for  possible  improvements  in 
system  reliability. 

Service  records  of  the  improved  equipment  installed  in  29  signal  cubicles 
along  the  line  and  of  the  apparatus  on  30  trains  are  more  than  satisfactory;  there 
has  been  only  one  system  failure  since  October  1964. 

Electric  Multiple-Unit  Trains 

Only  electric  multiple-unit  trains  are  used,  for  several  reasons: 

1.  The    light    uniform    axle    load    of    the    trains    permits    light    tracks    and 
structures. 

2.  Shuttle  service  may  lead  to  simple  track  layouts  in  stations. 

3.  Traction  motors  on  every  axle  may  make  use  of  effective  electric  brakes 
at  very  high  speeds. 

4.  Powerful   climbing   capability   over   grade   sections   may  give   flexibility  in 
selection   of   railroad   locations. 

5.  Constant  running  characteristics  may  select  any  consist  of  a  train  matched 
to  traffic  demand. 

6.  The  tractive  force  equally  shared  by  each  car  requires  less  force  to  activate 
the  car  body  and  draft  gear. 

7.  The  equally  distributed  motive  power  over  all  the  train  assures  constant 
and  reliable   operations. 

Finland 

Electrification  of  the  Finnish  State  Railways  began  towards  the  end  of  1965 
and  the  long-term  program  calls  for  920  km  of  route  and  1,650  km  of  track  to  be 
electrified  in  four  stages.  The  corresponding  figures  for  the  whole  Finnish  Railway 
network  are  5,400  route-km  and  8,500  track-km. 
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The  economic  aspects  of  this  electrification  program  have  been  studied  by  a 
committee  consisting  of  professors  of  the  Finland  Institute  of  Technology  in  Hel- 
sinki. The  committee  gave  its  unreserved  support  to  the  electrification  program 
drawn  up  by  the  Board  of  Administration  of  the  Finnish  State  Railways,  but  finan- 
cial  questions    and   other   considerations    postponed   electrification    work   until    1965. 

Belgium 

Starting  in  the  summer  of  1966,  four-voltage  electric  locomotives  (French) 
will  haul  trains  into  France,  Germany  and  Holland. 

France 

The  initial  section  of  the  Paris-LeHavre  electrification  (119  km)  from  Acheres 
to  Scotteville  has  been  converted  to  25-kv,  50-cycle  distribution. 

Completion  of  electrification  between  Marseilles  and  Les  Arcs  marks  the  half- 
way stage  in  converting  the  main  line  through  Riviera  to  Italy.  Dual-voltage  loco- 
motives will  operate  the  line  which  is  25-kv,  50-cycle. 

Germany 

The  Federal  Railways  is  electrifying  330  miles  of  line  this  year,  including 
sections  from  Aachen,  on  the  Belgian  border,  to  Cologne  and  Elton,  on  the  Dutch 
border,  to  Oberhausen. 

During  1965  the  Federal  Railways  converted  830  route-km  to  15-kv,  16%- 
cycle  electric  traction. 

Pakistan 

A  consortium  of  five  British  companies  has  obtained  a  package  contract  worth 
100  million  rupees,  approximately  £7.5  million,  for  the  complete  electrification  of 
178    route-miles    (287    km)    of    the   Pakistan   Western    Railway    between    Khanewal 
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and  Lahore  (Fig.  8).  This  will  be  the  first  electric  railway  in  Pakistan.  The  system 
employed  will  be  single-phase  alternating  current  at  25  kv,  50  cycle,  supplied 
through  overhead  catenary  equipment — the  same  as  that  used  since  1956  by  British 
Railways  for  730  route-miles  (1175  km)  of  main-line  and  suburban  electrification, 
for  which  the  same  companies  supplied  and  installed  much  of  the  equipment.  Work 
will  begin  in  Pakistan  in  the  near  future  and  will  be  completed  by  1969.  ( From 
"Engineering  in   British   Information   Services.") 

Brazil 

A  total  of  100  three-coach  MU  electric  trains  were  delivered  to  the  Rede  Fer- 
roviara  Federal  S.A.  of  Brazil  early  in  1966.  These  new  trains  will  operate  on 
3,000-v,  dc,  and  will  be  assigned  to  suburban  operation. 

Russia 

The  Soviet  Railways  has  selected  fixed  formations  of  10  coaches  for  the  heavy 
suburban  operations  at  Moscow.  Voltage  is  3,000  dc  on  the  new  cars;  however, 
a  series  of  25-kv,  60-cycle  cars  has  been  added  in  the  ac  zone.  An  experimental 
installation  for  automatic  operation  has  been  installed  north  of  Moscow  allowing 
17  trains  on  a  90'-second  headway. 

Italy 

The  Italian  State  Railways  has  authorized  the  conversion  of  108  km  of  line 
between  Savona  to  Ventriniglea  from  3,700-v  three-phase,  16.7  cycles  to  its  standard 
of  3,000  v,  dc. 

Switzerland 

A  twin  set  of  meter-gage  electric  cars  operating  on  750-v,  50-cycle  single-phase 
overhead  has  been  placed   in  operation  on  the  Gomegrat  Railway. 

India 

A  total  of  125  miles  of  electrification  of  a  planned  780-mile  main  line  of  the 
Northern  Railway  of  India  has  been  completed  in  the  last  year. 

The  Eastern  Railways  of  India  have  electrified  1,241  miles  of  line.  A  total 
of  1,167  k-m  is  ac  and  the  remainder  dc. 

Himgary 

Plans  cover  the  electrification  of  1,700  km  of  route  with  25-kv,  50-cycle  dis- 
tribution; about  200  miles  of  main  line  will  be  electrified  during  the  next  five  years. 

Poland 

It  is  proposed  that  about  5,800  km  out  of  a  total  of  23,000  km  will  be  elec- 
trified by  1975. 

RAPID  TRANSIT— DOMESTIC 
Bay  Area  Rapid  Transit  System   (From  July  1966  Spectrum,  IEEE) 

One  of  the  most  interesting — and  tangible — efi^orts  toward  the  goal  of  inter- 
urban  mass  rapid  transit,  the  Bay  Area  Rapid  Transit  (BART)  system,  is  presently 
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under  construction  right  in  the  host  city  of  the  recent  Transportation  Symposium, 
San  Francisco.  Here,  a  $l-billion,  75-mile-long  transit  complex,  scheduled  for  final 
completion  in  1971,  will  ultimately  intertie  Alamedo  and  Contra  Costa  counties  in 
the  East  Bay  metropolitan  area  with  the  city  of  San  Francisco  by  means  of  37  ele- 
vated, surface,  and  subway  stations  spaced  an  average  of  2  miles  apart. 

In  a  paper  entitled  "Automatic  Train  Control  for  BART"  ( IEEE  Paper  No.  34 
CP  66-206),  W.  P.  Quintin,  Jr.,  an  engineer  of  PBTB,  the  joint-venture  general 
consulting  engineers  for  the  project,  explained  the  feasibility  of  an  automatic  train- 
control  system  capable  of  controlling  2  to  10-car,  lightweight  multiple  units, 
operating  at  speeds  up  to  80   mph. 

Design  schedules  call  for  train  Jieadways  as  close  as  90  seconds  during  peak 
hours,  every  3  to  4  minutes  at  other  times  during  the  day,  and  from  5  to  15  min- 
utes late  at  night  and  over  weekends.  During  rush  hours,  it  is  expected  that  30,000 
passengers  per  hour  will  be  carried  on  a  single  line. 

Quintin  stated  that  "four  different  concepts  of  automatic  train  control  for  the 
BART  system  have  been  tested  during  the  past  10  months  on  a  test  track  schedule 
that  has  run  16  hours  a  day,  6  days  a  week." 

Automatic  Train  Control 

Each  of  the  automatic  train  operation  ( ATO )  concepts,  engineered  and 
designed  by  four  manufacturers,  was  installed  at  the  4.57-mile-long  test  track  facil- 
ity, situated  in  Contra  Costa  County,  in  three  laboratory  cars.  Each  manufacturer 
was  given  the  opportunity  of  demonstrating  the  capability  of  this  particular  ATO 
system,  while  both  the  manufacturer's  representatives  and  PBTB  engineers  recorded 
data  that  could  be  used  to  judge  the  performance  efficiencies.  The  equipment  of 
each  manufacturer  was  thoroughly  reviewed  in  the  areas  of  train  protection,  line 
supervision,  and  train  operation. 

In  the  paper,  "Propidsion-Power  Supply  System  for  BART"  ( IEEE  Paper  No. 
34  CP  66-205),  Clare  K.  Ol.sen,  a  PBTB  engineer,  observed  that  9  electric  trans- 
mission systems  and  27  different  concepts  for  train  propulsion  equipment  either 
have  been  evaluated  or  demonstrated  at  the  Diablo  test  track.  The  field  has  been 
narrowed  to  2  transmission  systems,  1000-v,  dc  and  3-phase  4160'-%',  ac  and  3  types 
of  propulsion  units. 

There  are  several  different  types  of  contact  rail  installed  on  the  d-c  system  for 
evaluation.  The.se  include  150-lb  steel  rail,  a  copper  contact  surface  with  a  steel 
base,  a  stainless-steel  cap  on  aluminum  base,  a  steel  "T"  insert  on  an  aluminum 
base,  and   silicon-hardened   aluminum   on   aluminum. 

Two  types  of  contact  rail  are  being  tested  in  the  a-c  installation:  extruded 
copper  contact  surface  and   a   stainless-steel  cap  on  aluminum  biise. 

Operations  are  scheduled  to  begin  on  the  Richmond-Hayward  line  by  the  sec- 
ond quarter  of  1969.  Service  under  the  Bay  between  San  Francisco  and  Oakland 
will  begin  early  in  1970.  The  final  section  will  go  in  service  by  the  middle  of  1971. 

Excerpts   from   Report   Submitted  to   Port   Authority   of  Allegheny 
County   Transit   Expressway   System — Pittsburgh,   Pa. 

Vehicle 

The  vehicle  ( Fig.  9 )  has  28  seats  and  is  30/2  ft  long.  The  vehicle  design  is 
( 1 )  positively  locked  to  the  roadway,  ( 2 )  both  axles  are  driven  to  improve  adhe- 
sion, (3)  steered  axles  improve  tire  life,  and  (4)  modern  thyristor  control  improves 
efficiencv  and  lowers  maintenance  costs. 
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Fig.  9. 


Fig.  10. 
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Vehicle  Body 

Transit  Expressway  is  a  rapid-transit  system  that  operates  lightweight  automated 
vehicles  which  can  operate  singly  or  in  trains  on  frequent  headway.  The  vehicles 
are  designed  to  give  an  air  of  spaciousness,  good  lighting,  comfortable  seating  and 
a  smooth  ride  in  an  atmosphere  of  luxury.  Traction  power  is  secured  from  three 
control  rails  which  are  energized  with  56.5  v  ac,  3-phase  (Fig.   10). 

Brake  System 

The  Transit  Expressway  which  has  a  combination  of  dynamic  and  air  brakes, 
with  the  dynamic  proNiding  approximately  50  percent  of  the  total  braking  required 
for  a  light  vehicle.  Air  brakes  provide  the  balance  of  the  braking,  including  the 
additional  required  for  loaded  vehicles.  The  air  brakes  blend  in  as  the  dynamic 
fades,  to  limit  the  deceleration  to  pre-set  valves  for  normal  service  and  passenger 
comfort.  Under  emergency  conditions,  the  air  brakes  will  decelerate  the  vehicle  at 
3-5  mphps. 

Propulsion  System 

The  Transit  Expressway  motoring  and  braking  circuits  are  all  static,  utilizing 
thyristors  and  diodes,  with  the  exception  of  one  contactor  that  opens  and  closes 
under  no-load.  When  motoring,  operation  is  as  a  series  motor  at  full  field  strength. 
Braking  is  controlled  by  separate  excitation  of  the  field.  The  braking  resistor  has  a 
single  value.  The  motors  are  run  in  a  reverse  direction  under  limited  power. 

Long  Island  Railroad 

The  nation's  busiest  passenger  railroad  will  be  getting  a  new  owner — probably 
before  the  end  of  the  year. 

The  New  York  State  Legislature  authorized  die  recently-created  Metropolitan 
Commuter  Transportation  Authority  to  purchase  the  line  from  the  Pennsylvania  for 
$65-million.  Extensive  improvements,  including  more  electrified  track,  are  being 
planned. 

Boston-Washington,  Northeast  Corridor 

The  Princeton  study  suggests  a  $1.5-billion  high-speed  line  for  the  Boston-to- 
Washington  Corridor.  Speeds  as  high  as  150  mph  are  considered  necessary.  This 
project  is  co-sponsored  by  the  U.  S.  Department  of  Commerce  and  the  Pennsylvania 
Railroad. 

Boston 

This  city  has  bought  the  remainder  of  the  defunct  Old  Colony  Line  for  $2.5- 
million  and  will  spend  $41-million  to  extend  the  old  line  along  the  lake  shore. 

Boston  also  has  plans  for  a  $200-million  improvement  to  commuter  operation 
along  the   South   Shore  over  both   the   Boston  &  Maine  and  New  Haven  Railroads. 

OTHER  RAPID-TRANSIT  PROJECTS— DOMESTIC  AND  FOREIGN 

Capital  expenditures  for  the  projected  rapid  transit  systems  in  the  central  states 
could  easily  reach  $12-billion  in  the  next  10  years.  The  projects  include  extensions 
to  present  lines,  new  lines,  new  cars,  automatic  controls  and  many  other  features 
of  rapid  handling  of  city  passengers.  Here  are  some  of  the  projects. 
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Cleveland 

The  new  4-niile  extension  of  the  rapid-transit  sy.stem  to  Hopkins  International 
Airport  will  be  built  with  catenary  overhead  and  equipped  with  20  modern  70-ft, 
air-conditioned  cars.  Special  features  of  design  are  the  fiberglass  ends  and  stainless 
steel  bodies.   Maximum  speed,  60  mph. 

Washington 

For  initial  operation  Washington  is  now  designing  a  $431 -million  subway- 
surface  rapid  transit  system.  This  system  will  ultimately  serve  the  Virginia  and 
Maryland  suburbs. 

Montreal 

This  city  is  building  its  rubber-tired  city  subway,  also  the  standard-gage  rapid 
transit  to  "EXPO   '67".  Both  systems  are  600-v,  dc,  third  rail. 

Toronto 

The  new  eight-mile  Bloor-Danforth  subway  is  operated  with  164  new  cars 
75  ft  in  length. 

Chicago 

This  city  is  spending  $1 -million  on  plans  for  a  new  subway.  Priority  in  planning 
is  being  given  to  the  tubes  for  the  Ravenswood  and  Evanston  rapid-transit  trains 
which  presently  operate  over  the  Loop  "L"  structure. 

Construction  of  a  new  rapid-transit  line  in  the  median  strip  of  the  Kennedy 
Expressway  is  expected  to  begin  next  year. 

Lisbon 

A  25-mile  rapid-transit  network  is  what  the  Metropolitano  de  Lisboa  wants — 
and  has  made  a  head  start  with  five  miles  of  subway  operating  in  Portugal's 
capital  of  Lisbon. 

The  first  Y-shaped  lines  onnecting  the  city  center  with  the  northwest  were 
opened  for  service  in  1959 — four  years  after  construction  began.  By  1963,  the 
Metro  builders  had  pushed  further  down  the  leg  of  the  Y  as  far  as  Rossio  Square, 
in  the  heart  of  the  central  business  district. 

The  Lisbon  Metro  is  a  standard  gage,  double-track  system.  The  rolling-stock 
fleet  consists  for  the  moment  of  twelve  2-car  sets.  Each  car  has  a  capacity  of  200 
.seated  and  standing  passengers.  Since  the  network  is  a  growing  one,  another  14 
cars  are  on  order. 

Hamburg 

Since  1962,  Hamburg  has  acquired  130  two-car  sets  of  unusual  design.  These 
are  articulated  3-axle  sets  that  can  be  quickly  made  up  or  broken  down  to  the 
desired  train  consist.  Trains  run  up  to  six  or  eight  cars  on  some  lines  in  peak 
periods.  Further  deliveries  will  bring  the  number  of  sets  to  184. 

Rotterdam 

Investigations  were  made  to  determine  the  best  type  of  rapid-transit  vehicles, 
and  the  balance  was  clearly  in  favor  of  the  conventional  standard-gage-track  type. 
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A  study  of  the  suspended  monorail  system  revealed  that  the  construction  of 
the  viaduct  alone  would  be  about  30  percent  more  expensive  than  that  required 
for  a  conventional  rapid-transit  railway.  The  structure  would  have  to  be  higher 
for  a  given  clearance  to  ground,  and  wider  because  the  traiiis  must  clear  the 
supporting  columns. 

In  addition  the  trains  would  be  heavier  because  the  vehicles  and  mnning  gear 
become  structurally  more  complex  when  the  load  on  the  floor  is  not  carried  directly 
by  inherently  stable  bogies.  Tunnel  cross-sections  would  have  had  to  be  larger  for 
any  type  of  monorail  vehicle. 

Rubber-tired  vehicles  were  also  considered,  but  the  high  capital  and  mainte- 
nance costs  of  the  bogies  with  guiding  wheels  were  not  offset  sufficiently  by  the 
marginal  advantages  of  better  adhesion  and  a  quieter  ride. 

13D— b— 1,   Study   Possibility   of  Lessening   Cost  of   Distribution   System 

In  considering  the  overall  picture  of  railroad  electrification  and  why  there  has 
been  little  progress  in  this  country  in  recent  years,  it  is  obvious  that  electrifiation 
will  not  materialize  without  a  suitable  economic  gain  to  its  advocates.  The  railroad 
industry  will  not  consider  it  as  long  as  there  are  other  projects  where  limited  capital 
can  produce   more   fruitful  returns. 

Today  this  affects  the  electric  utilities  that  would  stand  to  profit  from  extensive 
railroad  electrification.  The  electric  utility  industry  can  justify  capital  outlays  return- 
ing 6  percent,  while  most  railroads  cannot  justify  committing  themselves  to  large 
capital  outlays  unless  they  can  see  returns  of  15  to  20  percent. 

If  main-line  long-haul  railroad  electrification  is  to  get  under  way  in  the  fore- 
seeable future  it  must  of  necessity  come  with  the  aid  of  the  electric  utility  industi-y 
by  providing  electrical  power  supply  as  close  to  the  pantograph  as  possible,  i.e., 
reducing  the  railroads'  capital  outlay  to  the  barest  minimum. 

13D— b— 4,   Semi-Conductor   Rectifiers   for   Railway   Electric   Power   Supply 

A  silicon-rectifier  substation  for  traction  service  must  be  completely  self- 
protected  against  overloads  as  well  as  internal  faults  and  malfunctions.  Because 
traction  substations  are  normally  unattended,  protective  devices  which  shut  down 
the  station  must  in  some  cases  allow  the  station  to  start  up  automatically  after 
the  fault   condition   is   removed. 

This   coordinated  protection  includes: 

(a)    Switchgear  (ac  and  dc),  which  will  trip  the  unit  off  the  line  when  the 
following   abnormal    conditions    occur; 

A-c  feeder  circuit  fault 

Rectifier  transformer  fault 

D-c  bus  faults 

Rectifier  overload   or  d-c  short  circuit 

Low  a-c  supply  voltage 

Single-phase  a-c  supply 

Transformer   overpressure 

Insulation  failure  between  rectifier  enclose  and  d-c  x'jower  circuit 

Loss  of  cooling  media  for  the  rectifier 

Loss  of  two  parallel  strings  of  diodes 
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(b)  Warning  signals,   which  may  be   monitored  by  supervisory  control  are 
provided  for: 

1.  Failure  of  any  one  parallel  series  string  of  diodes 

2.  Transformer  low  liquid  level 

3.  Transformer  overtemperature 

The  coordinated  protection  of  all  protective  devices  is  insured  so  that  the  diode 
maximum  junction  temperature  will  not  be  exceeded  under  any  condition. 

Another  important  consideration  is  voltage  and  transient  voltages  conditions. 
The  silicon  diode  has  a  definite  voltage  rating.  This  rating  is  detennined  by  test 
and  is  known  as  PRV  ( cyclical  peak  reverse  voltage ) ,  the  reverse  voltage  that  the 
diode  can  block  or  withstand  each  cycle.  Sufficient  margin  between  the  d-c  voltage 
and  the  diode  PRV  must  be  provided  by  the  design  to  insure  proper  operation 
under  the  transient  conditions  that  might  exist  in  the  application. 

The  application  of  silicon  rectifiers  to  rapid-transit  systems  which  distribute 
power  by  means  of  exposed  third  rail  or  overhead  trolley  presents  the  additional 
problem  of  protecting  the  silicon  diodes  from  failure  due  to  severe  d-c  transient 
which  result  from  lightning  strokes  on  the  d-c  conductor. 

For  indoor  or  subway  applications  where  lightning  is  not  a  factor,  the  normal 
design  parameter  used  to  insure  against  cell  failure  due  to  reverse  voltage  is  to 
apply  the  diodes  with  a  safety  margin  of  2.5  X  the  rectifier  circuit  peak  inverse 
voltage  capability. 

Lightning  strokes  can  cause  d-c  voltage  surges  in  the  order  of  75  kv  to  appear 
on  the  d-c  conductor.  This  value,  75  kv,  is  the  approximate  fl'ashover  voltage  of 
insulators   commonly   used   on   600-v,    dc   distribution   systems. 

It  is  readily  apparent  that  the  silicon-rectifier  unit,  built  standard  design 
parameters,  is  not  applicable  for  traction  service  when  the  d-c  conductors  are 
exposed  to  lightning.  To  protect  a  transit  substation  from  lightning  surges  on  the 
d-c  side,  additional  protective  functions  must  be  provided  on  the  d-c  bus.  Each 
rectifier  must  include  devices  and  functions  to  protect  the  silicon  cells  from  the  full 
efl?ects  caused  by  lightning  surges  originating  500  ft  or  more  away  from  the  sub- 
station. For  this  discussion,  a  lightning  surge  is  defined  as  a  IM  x  40  transient  wave 
occurring  on  a  d-c  conductor  having  75  kv  insulation  flashover  level.  D-c  surge 
suppressors  have  been  developed  to  limit  the  transient  voltage  caused  by  the  light- 
ning to  a  value  that  can  be  safely  imposed  on  the  silicon  diodes.  It  is  sometimes 
necessary  to  use  two  diodes  in  series  in  order  to  get  the  proper  blocking  capability. 

Most  of  the  silicon  rectifier  installations  have  been  indoors.  Generally  two  or 
more  units  are  furnished  for  each  substation.  Transformers  can  be  provided  (with 
pyranol)  for  indoor  close-coupling  or  outdoor  (with  oil)  for  bus  duct  connection 
to  the  rectifier  unit.  Semi-high-speed  d-c  circuit  breakers  are  normally  provided  for 
the  main  and  feeders.  These  may  be  metal-enclosed  drawout  breakers  or  stationary 
open-panel  mounted  as  used  by  the  New  York  Transit  System. 

On  the  other  hand.  Long  Island  Railroad  has  three  outdoor  rectifier  substation 
installations,  one  of  which  has  been  in  service  since  early  in  1964. 

Some  of  the  factors  affecting  the  decision  to  use  an  outdoor  rectifier,  in  addition 
to  the  cost  of  the  substation  building,  were: 

1.  A  smaller  site  could  be  used. 

2.  Reduced  installation   cost  of  equipment  and  control  wiring. 
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IEEE  Conference  Paper  65-267  discusses  the  Long  Island  Railroad  installation 
in  greater  detail. 

13D-b-2,    Phase   Unbalance 

Pennsylvania  Railroad 

In  October  1965,  an  Engineering  Task  Force  of  six  members  was  appointed  to 
study  the  feasibility  of  converting  the  PRR  25-cycle  Il-kv  system  to  commercial 
frequency  (60  cycles  per  sec)  and  25  kv.  The  study  group  represents  all  operating 
companies  whose  service  territories  include  electrified  right-of-way,  and  is  under 
the  coordination  of  the  Pennsylvania-New  Jersey-Maryland  Interconnection   (PJM). 

The  PJM  is  a  formal  power  pool,  including  in  its  fully  coordinated  operating 
and  planning  a  total  of  12  operating  companies.  PJM  is  electrically  interconnected 
with  all  adjacent  power  pools  for  purposes  of  reliability  and  economic  interchange 
of  electrical  energy.  The  existing  electrified  25-cycle  portion  of  the  PRR  lies  between 
New  York  and  Washington,  D.  C.  and  westward  as  far  as  Harrisburg  which  is 
largely  within  the  PJM  service  territory.  A  total  of  approximately  2150'  track  miles 
is  included. 

Scope 

There  are  four  general  categories  of  study: 

1.  Load  and  supply 

2.  Engineering  costs 

3.  Rates 

4.  Railroad  economics 

The  primary  responsibilities  of  the  Engineering  Task  Force  are  items  1  and  2 
above  in  addition  to  the  determination  of  its  technical  feasibility.  A  rate  and/or 
finance  committee  would  be  appointed  at  a  later  date  to  determine  rates  and 
economic  feasibility. 

Load  Determination 

A  digital  computer  program  was  developed  to  determine  load  requirements. 
A  typical  heavy-load  period  was  selected  by  the  PRR  and  dispatchers  log  sheets 
were  made  available.  Input  data  included  ( 1 )  track  profile,  ( 2 )  time  schedules, 
and  (3)  tonnages  calculated  for  each  train.  Computer  output  listed  integrated  kw 
at  the  catenary  for  all  trains  in  5-minute  time  intervals  for  each  4-mile  section  of 
track.  The  total  span  of  time  was  a  continuous  24-hour  period. 

Supply  Points 

Substation  locations  were  determined  by  voltage-drop  calculations  using  the 
computer  load  data,  assuming  10  percent  normal  and  25  percent  emergency.  Acces- 
sibility to  existing  transmission  facilities  and  the  cost  of  their  extension  weighed 
heavily  in  the  selection  of  supply  points.  Substations  on  the  average  are  spaced 
about  20  miles  apart  and  rated  approximately  20,000  kva  each. 

Three-Pliase  Unbalanced  Loading  (See  13D-b-4) 

Three-phase  unbalanced  loading  and  the  resultant  heating  of  turbo-generator 
rotors  were  studied.  Consideration  was  also  given  to  effect  of  voltage  unbalance  on 
three-phase  motors.  In  both  cases,  it  is  felt  that  the  system  short-circuit  capacity  at 
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all  supply  points  would  be  sufficiently  large  when  compared  to  the  maximum 
unbalanced  load  that  the  effects  of  these  unbalanced  conditions  would  not  be 
injurious  to  equipment. 

Inductive  Coordination 

The  desirability  of  consideration  to  possible  inductive  coordination  problems 
early  in  the  study  and  planning  stages  was  recognized.  A  joint  meeting  was  held  by 
representatives   of   interested   telephone   companies   and   a   locomotive   manufacturer. 

The  main  concern  seemed  to  be  that  of  impulse  noise  generated  into  the  power 
transmission  system  and  its  effect  on  the  highly  sensitive  data  transmission  systems. 

It  is  generally  agreed  that  the  most  desirable  point  for  suppressing  harmonics 
is  at  the  source,  in  the  locomotive.  Concern  was  expressed  as  to  the  value  of  the 
IT  product  as  a  measure  of  noise  influence  and  requested  guidance  as  to  noise 
objectives   that  should   be  used. 

Summary 

Reference  was  made  to  the  AAR/AREA  June  27,  1963,  report,  "Electric 
Energy:  Cheapest  Power  for  Railroads,"  a  condensation  of  seven  years  of  reports. 
The  report  stated,  "The  Subcommittee  is  satisfied  that  there  are  no  technical  deter- 
rents to  the  high-voltage,  commercial-frequency  system  for  main-line  electrification." 
The  PRR  Engineering  Task  Force  has  found  nothing  so  far  that  would  be  contrary 
to  this  conclusion. 

The  Edison  Electric  Institute  is  studying  the  phase-unbalance  problem  as 
related   to   single-phase   railroad   overhead   distribution. 

13D— c,  General   Electrification   Economics 

The  following  outline  for  General  Electrification  Economics  has  been  suggested 
by  the  aforementioned  Task  Group: 

(a)  Speed  of  operation  relative  to  first  cost — Analyze  additional  cost  of  Tokaido 
catenary  over  standard. 

(b)  Maintenance  expense  vs.  speed — Cost  per  mile  not  applicable  to  equip- 
ment. Cost  per  mile  declines  with  speed  but  cost  per  hour  holds  more  nearly  con- 
stant. Fewer  rolling-stock  units  needed  with  higher  speed  and/or  better  accelera- 
tion. Fewer  units  also  needed  with  shorter,  faster,  lighter  trains  with  reduced  per 
diem  cost.  Need  fixed  annual  plus  hourly  operating  cost  data  on  maintenance. 
Catenary   costs  more  with  speed. 

(c)  Traction  motor  capacity — More  reliable  motors  needed.  Speed  beyond 
125  mph  likely  wasteful  economically.  May  be  more  important  to  get  local  speeds 
up  from  30  mph  average  to  45  mph. 

(d)  Power  consumption — Not  properly  related  to  tons  when  speed  is  changed 
Most  nearly  related  to  consumption  per  hour  on  the  road,  and  accelerating  rate. 
More  power  cost  often  means  more  revenue  and  fewer  units. 

(e)  Locomotive  capacity — A  crew  costs  $100  for  a  base  day's  pay.  Fifty  cars 
expedited  to  save  per  diem  will  pay  extra  crew.  Locomotive  unit  capacity  should 
be  for  50  cars.  Passenger  locomotives  .should  be  dual  service  with  piggyback.  Most 
passenger   service  tending  to  MU. 

(f)  Horsepower  per  ton — MU  cars  need  12  hp  per  ton  to  minimize  cost  of  over- 
all operation  and  maximize  revenue.  Locomotives  need  tractive  effort  rather  than 
horsepower   to   start  but   should   be   able   to   accelerate  trains   in  high-speed   ranges. 


Electricity 


251 


(g)  Track — Greater  power  consumption  is  alternative  to  costly  track  changes  to 
increase  speed. 

(h)  Additional  revenue  to  l)c  achieved  l^y  electrification.  Difficulties  with  rail 
diesel  car  maintenance.  Conversion  of  15-year-old  diesel  locomotives  to  silicon 
rectified  electronics. 

13D-d,  Study  and   Report  on  Materials  and  Methods  for  Electrification 

An  experimental  section  involving  50  structures  consisting  of  wood  poles  and 
aluminum  beams  (Fig.  11)  was  completed  in  November  1966  on  the  Chicago 
South  Shore  &  South  Bend  Railroad  near  Chicago.  These  portal  structures  are  similar 
to  others  which  have  been  in  operation  for  over  30  years  except  for  the  truss  which 
is  a  fabricated  aluminum  unit  and  extends  over  two  tracks. 


Fig.  II. 

Report   on   Assignment    15 

Relations  with  Public  Utilities 

Collaborating   with    Committee   20 

E.  M.  Hastings,  Jr.   (chairman,  subcommittee),  E.  H.  Brown,  A.  B.  Co.stic,  T.  F. 
Jelnick,  B.  F.  McGom'an,  R.  F.  Pownall,  R.  W.  Werts. 

Your  committee  presents  the  following  brief  progress  report  on  its  present 
assignment — the  reactivation  of  the  Joint  Engineering  Committee,  AAR-EEI,  to 
revise  the  Specifications  for  Crossings  of  Electrical  Supply  Lines  over  Railways. 
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The  committee  met,  and  has  made  its  recommendations,  namely,  the  writing 
of  a  preamble,  and  the  adoption  of  the  National  Electrical  Safety  Code  as  a 
Specification. 

We  are  awaiting  replies  from  the  executive  committees  of  the  Association  of 
American  Railroads  and  the  Edison  Electric  Institute. 
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Committee 


(E)  Member  Emeritus. 

Those  whose  names  shown  in  boldface  in  addition  to  the  chainnan,  vice  chairman  and 
secretary,  are  the  subcommittee  chairman,  and  those  designated  by  asterisks  constitute  the 
Engineering   Division,    AAR,   Committee   27. 

To  the  American  Railway  Engineering  Association: 

Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

Tlie  committee  reviewed  tlie  material  in  Chapter  27  of  the  Manual, 
and  it  was  the  consensus  that  no  changes  are  necessary  at  this  time. 

1   (a)   Revision  of  Handbook  of  Instructions  for  Care  and  Operation  of 
Maintenance  of  Way  Equipment. 
Brief  status  report,  presented  as  information   page  254 

2.  Improvements  to  be  made  to  existing  work  equipment. 

This  committee  has  been  jointly  involved  in  correcting  of  the  Hand- 
book in  conjunction  with  manufacturers.  No  specific  report  is  presented 
under  this  subject  at  this  time. 
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3.  Switcli  heaters  and  other  devices  or  machines  for  removing  snow  from 
switches. 

Progress  report,   presented  as  information    page  255 

4.  Selection,   installation   and  maintenance  of  road-rail  attachments. 

The  committee  is  assembling  information  for  a  report  to  be  submitted 
in    the  future. 

6.  Track  lining  equipment. 

This  committee  has  assembled  extensive  information  on  the  mechanics 
of  track-lining  attachments  available  and  their  applications,  and  a 
report  should  be  submitted  in  the  future. 

7.  Rail  laying  equipment. 

Tlie  committee  has  taken  a  survey  of  the  members  covering  the  vari- 
ous machines  presently  used  for  rail  laying  operations.  Additional 
information  is  needed  to  prepare  a  report,  which  will  be  done  in  the 
future. 

The  Committee  on  Maintenance  of  Way  Work  Equipment, 

R.  W.  Bailey,  Chairman. 


AREA   Bulletin   603.   December   1966. 


Report  on  Assignment   1(a) 

Revision  of  Handbook  of  Instructions  for  Care  and  Operation 
of  Maintenance  of  Way  Equipment 

C.  R.  Turner  (chairman,  subcommittee),  L.  W.  Cantwell,  J.  W.  Cummings, 
A.  C.  Danks,  K.  J.  DeCamp,  E.  M.  Hodges,  Jr.,  C.  F.  Hunt,  R.  K.  Johnson, 
H.  D.  Jordan,  E.  W.  Knight,  W.  E.  Kropp,  Jack  Largent,  C.  F.  Lewis, 
H.  F.  LoNGHELT,  H.  E.  McQueen,  A.  W.  Munt,  R.  W.  Patton,  H.  C. 
Pottsmith,  J.  W.  Risk,  G.  E.  Roberts,  F.  H.  Smith,  W.  W.  Wynne. 

Your  committee  submits  the  following  status  report  as  information. 

For  several  years  the  committee  has  felt  that  the  Handbook  was  hmited  in 
value  due  to  the  inability  of  the  user  to  identify  specific  machines.  A  comparison 
showing  the  obvious  confusion  which  has  arisen  in  identifying  the  items  was  made, 
and  a  proposal  was  submitted  to  revise  the  entire  Handbook,  using  manufacturer 
names  both  in  the  Handbook  proper  and  the  index.  Favorable  consideration  was 
given  to  this  request  by  the  Board  of  Direction. 

To  further  increase  the  utility  of  the  Handbook,  a  study  is  under  way  about 
making  it  a  loose-leaf-type  publication,  which  will  allow  current  revisions  to  be 
incorporated  as  they  are  made  without  waiting  for  an  entire  new  book  to  be 
published. 

In  view  of  the  large  volume  of  material  to  be  updated  and  rewritten,  the 
subcommittee,  as  well  as  the  entire  committee,  will  be  concentrating  on  publishing 
a  new  Handbook  in  the  near  future. 
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Report   on   Assignment   3 

Switch  Heaters  and  Other  Devices  or  Machines 
for  Removing  Snow  from  Switches 

J.  W.  Risk  (chairman,  subcommittee),  R.  M.  Johnson,  R.  M.  Baldock,  C.  A. 
Beemer,  Jr.,  D.  E.  Cowell,  M.  M.  Stansbury,  J.  W.  Cummings,  V.  L.  Emal, 
E.  H.  Fisher,  H.  A.  Thyng,  C.  F.  Hunt,  \\'.  Lenco,  T.  R.  Rigsby,  J.  P.  Titus. 

This  report  is  presented  as  information,  with  the  recommendation  that  the 
subject  be  continued. 

Previous  reports  on  snow-melting  devices  and  methods  may  be  found  in  the 
Proceedings,  Vol.  54,  1953,  pages  686  to  697,  and  Vol.  67,  Bulletin  596,  December 
1965,  pages  254  to  265. 

In  the  report  published  in  Bulletin  596  certain  devices  studied  by  the  com- 
mittee were  described,  and  tlieir  advantages  and  disadvantages  were  listed.  Subse- 
quently, improvements  have  been  made  to  the  existing  devices,  and  other  devices 
have  become  available.  In  some  instances,  manufacturers  have  indicated  that  the 
disadvantages  outlined  in  the  previous  report  have  been,  in  part,  overcome. 

1.  Long,  Fixed,  Gas-Fired  Heaters 

It  is  reported  that  a  new  type  of  gas-fired  heater  designed  to  overcome,  at 
least  in  part,  the  objections  to  this  type  of  heater  listed  in  the  previous  report,  has 
been  tested  on  11  United  States  railways  in  1965-66,  and  is  to  be  given  further 
tests  on  other  railways  in  the  United  States  and  Canada  during  the  winter  of 
1966-67. 

The  entire  burner  is  ruggedly  constructed.  Ignition,  control  components  and 
the  initial  combustion  are  concentrated  in  one,  centered,  4-ft  section.  Primary- 
burner  parts  are  of  stainless  steel.  Installation,  maintenance  and  control  are  less 
difficult  than  for  some  units  presently  used.  The  heater  proper  is  not  connected 
directly  to  either  the  ties  or  the  rails.  The  floating-mount  principle  is  used  to  hold 
the  heater  sections  in  position.  Four  cotter  pins  secure  each  4-ft  section,  and  the 
heater  may  be  easily  removed  to  permit  inspection  and  maintenance  of  the  switch. 

The  flame  produced  by  the  dual-jet  burner  is  entirely  contained  in  a  2-in  OD 
stainless  steel  pipe.  This  flame  is  relayed  through  consecutive  4-ft  heater  sections 
through  the  total  length.  In  the  end  sections  the  liot  e.vhaust  gas  is  directed  down- 
ward between  the  ties  and  into  the  switch  bed  area.  The  dual-jet  burner  is  designed 
to  overcome  the  possibility  of  the  flame  being  extinguished  by  high  winds,  or  by 
drafts  caused  by  passing  trains.  The  same  feature  also  prevents  smothering  of  the 
heater  in  driving  snow,  or  the  sudden  diunping  of  snow  from  the  trains.  Should 
ignition  not  be  accomplished  within  3  minutes,  the  control  unit  will  close  the  gas 
valve  and  shut  ofl^  the  current  to  the  control  box,  eliminating  the  danger  of  explosion 
of  collected  imbumed  gas. 

There  is  no  direct  impingement  of  flame  on  the  rail,  since  the  flame  is  con- 
tained and  directed  parallel  to  the  web  of  the  stock  rail.  Actual  heating  is  accom- 
plished by  convection,  radiation  and  placement  of  exhaust  gases.  Heater  configura- 
tion directs  the  hot  exhaust  gases  downward  in  between  the  ties  and  into  the  switch 
bed  area.  When  the  rail  reaches  the  set  temperature,  the  rail  temperature  control 
unit  sensor  modulates  the  gas  flow  to  approximately  30  percent  of  full   flow.  This 
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Fig.  1 — Two  sections  of  fixed,  gas- 
fired  heater,  "opened"  to  show  floating- 
mount  principle.  "A"  Section  contains 
dual-jet  burner  and  gas  inlet;  also  con- 
tains  ignition  and  flame-sensing  com- 
ponents when  automatic  ignition  is  re- 
quired. "B"  Section — first  extension  on 
each  side  of  "A"  section — incorporates 
flame  relay  pipe  constructed  from  stain- 
less steel. 


Fig.  2 — Another 
open.  Also  shown 
connection   on   left. 


view   of   heater 
is    control    box 


laid 
and 


Fig.  4 — Rail  temperature  control  unit 
with  bracket.  Optional  thermostatic  con- 
trol to  provide  rail  overheat  protection 
and  reduce  fuel  consumption. 


Fig.  3 — Compact,  weather-proof  con- 
trol box  housing  power  and  electronics, 
together  with  terminal  strip  for  making 
all  electrical  connections.  Either  115  v, 
a-c,  or  12  v,  d-c. 


NEW  TYPE  OF  FIXED, 
GAS-FIRED  HEATER 


Fig.    5 — Snow  detector  with   bracket 
shows  sensor  mounted  between  rails. 
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reduced  flow  rate  is  maintained  until  the  rail  temperature  drops  10  F.  At  this  time, 
the  rail  temperature  control  unit  sensor  activates  the  valve,  returning  full  gas  flow 
to  the  heater.  Thus  the  rail  temperature  is  controlled  and  the  fuel  consumption 
reduced. 

This  heater  is  illustrated  in  Figs.   1  to  5. 

2.  Radiant  Heaters,  Oil-Fired 

The  information  contained  in  the  previous  report  was  based  on  the  performance 
of  a  comparatively  few  units  tested  under  severe,  northern  winter  conditions.  A 
subsequent  report  of  their  performance  on  a  large  United  States  railway  indicates 
that  units  of  this  type  were  first  tested  during  the  winter  of  1961-62.  The  per- 
formance was  satisfactory,  and  30  additional  units  were  placed  in  service  during 
the  winter  of  1962-63.  This  road  now  has  a  total  of  72  units  and  all,  except  four, 
are  in  high-speed  main  tracks. 

All  installations  are  temperature  activated;  the  controls  are  set  for  36  F,  and 
the  heaters  operate  whether  or  not  it  is  snowing,  providing  the  temperature  is  lower 
than  36  F.  Snow-detection  devices  previously  tested  did  not  perform  satisfactorily, 
due  to  snow  that  was  relatively  wet  capping  over  the  sensor  and  nullifying  its 
effectiveness.  The  road  has  now  developed,  and  has  under  test,  a  device  that 
appears   to   overcome   the   difficulty  previously  experienced. 

These  imits  can  operate  with  a  variety  of  fuels — natural  gas,  propane  gas  or 
butane,   electricity,   or  distillate. 

3.  Fixed,  Oil-Fired,  Hot-Air  Blower 

While  the  objections  to  this  type  of  device  listed  in  the  previous  Bulletin  have 
been  reconsidered,  and  further  objections  raised  with  regard  to  the  complexity  of 
the  equipment  involved,  the  following  comments  are  submitted  to  support  improved 
design  and  performance  of  this  type. 

Experience  in  the  winter  of  1965-66  has  verified  that  the  use  of  windshields 
is  necessary  on  all  main-line  installations,  and  also  at  yard  switch  locations  where 
high  crosswinds  are  experienced.  The  windshields  are  nothing  more  or  less  than 
the  two  sides  of  a  rectangidar  box  resting  on  the  tie  and  against  the  head  of  the 
rail  in  such  a  way  that  the  hot  air  blast  from  the  two  field-side  discharge  nozzles 
may  pass  directly  towards  the  heel  of  the  switch,  without  being  influenced  by  any 
external  crosswinds. 

It  was  confirmed  in  the  same  tests  that  some  improvement  had  to  be  provided 
in  the  oil  pump  motor,  in  order  to  assist  in  the  starting  at  low  temperatures.  Several 
types  of  lubrication  were  tested,  and  it  was  concluded  that  the  most  effective  and 
most  practical  lubricant  was  a  few  drops  of  kerosene  or  fuel  oil,  whichever  was 
being  used  in  the  unit  as  a  fuel  supply.  Tests  were  conducted  to  — 50  F,  and  no 
failures   were  reported  on  this   account. 

During  the  winter  of  196.5—66,  four  units  were  installed  in  Labrador  where 
temperatures  lower  than  — 50  F  accompanied  by  average  daily  winds  of  20  mph 
were  experienced  from  mid-November  to  April.  The  user  railroad  reported  that 
acceptable  service  was  provided.  Additional  installations  were  made  on  Canachan 
railroads  in  Western  Canada,  where  temperatures  averaging  — 35  F  over  sev- 
eral weeks,  accompanied  by  high  winds  of  20  to  30  mph  were  experienced.  Reports 
received  also  indicate  that  performance  was  acceptable. 
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Fig.  6 — Some  of  the  320  infrared  switch  heaters  installed  at  York, 
North  Eastern  Region,  British  Railways. 


Fig.  7 — Typical  installation  of  infrared  switch  heaters  on  the  Netherland 
Railway  Company   (NS). 
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Fig.  8 — Infrared  switch  heaters  at  Airolo  on  the  Swiss  Federal  Railways.  Airolo  is 
at  the  entrance  to  one  of  the  principal  tunnels  through  the  Swiss  Alps. 


Fig.  9 — Burner  housing  showing  com- 
ponents, including  deep  ceramic  block, 
in  which  the  burning  takes  place  thereby 
radiating  infrared  heat  onto  the  rail. 


Fig.   10 — Gas/air  mixing  unit,  together 
with  shield  plate. 


4.  Fixed,  Infrared  Radiation  Heaters,  Gas-Fired 

It  has  been  confirmed  that  12,000  switch  heaters  of  this  type  have  been  installed, 
as  follows:  Great  Britain  5,000;  Holland  3,500';  Switzerland  1,400;  and  Denmark 
1,100.  These  have  also  been  installed  in  other  countries,  including  Norway,  Italy, 
Rumania  and  Germany 

Limited  tests  undertaken  on  tliis  continent  have  not  been  of  sufficient  extent  to 
establish  the  suitability  of  these  heaters.  However,  it  is  evident  that  some  of  the 
disadvantages  previously  listed  with  regard  to  propane  heaters  have  been  overcome. 

Some  of  the  foreign  installation  of  this  type  of  heater  are  shown  in  Figs. 
6  to  10. 
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Fig.    11 — Electric-strap  type  of  switch  heater. 


Fig.  12 — Electric  strap  type. 
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Fig.  13 — Electric  strap  type. 


5.  Electric  Heaters  Attached  to  the  Rails   (Strap  Type) 

Several  installations  of  this  type  of  heater  have  been  made  at  Niagara  Falls 
and  Dmikirk,  N.  Y.,  and  at  Collingwood,  Ohio.  It  has  been  reported  that  all  installa- 
tions have  operated  well.  The  strip  heaters  operating  at  175  watts  per  foot  have 
kept  switches  clear  through  a  17-in  snowfall.  It  is  further  stated  that  due  to 
increased  contact  area  of  the  strips,  heat  is  transferred  to  the  rail  more  efficiently, 
thus  reducing  operating  cost  35  to  45  percent. 

This  type  of  heater  is  illustrated  in  Figs.  11  to  13. 

6.  Fixed,  Compressed-Air  Systems 

Installations  of  this  type  have  been  made  on  14  United  States  and  Canadian 
railways,  and  it  is  reported  that  they  are  particularly  suited  for  conditions  described 
in  the  previous  report. 

SUMMARY 


Reviewing  our  experiences  with  switch  heaters  to  date,  the  year  1962  can  be 
considered  a  year  of  inquiry  and  investigation  of  the  availability  and  practicability 
of  switch  heaters.  The  year  1963  was  one  of  planning,  ordering  and  partial  installa- 
tion of  switcli  heaters  during  the  early  winter  months.  The  winter  of  1963-64  was 
one  of  late  installations,  problems  partially  due  to  manufacturers  deficiencies,  and 
inexperience  with  switch  heaters.  This,  coupled  with  a  relatively  mild  winter,  pro- 
hibited making  a  constructive  and  fair  appraisal.  The  winters  of  1964-65-66  were 
primarily  of  continual  trouble  shooting,  modifying  and  adapting  to  improve  less- 
than-satisfactory  performance,  with  the  majority  of  time  being  spent  on  the  propane 
gas  heaters. 

The  performance  of  propane  and  natural-gas  switch  heaters  and  fixed,  oil-fired, 
hot-air    blowers    during    the    1965-66    winter    season    improved    considerably    over 
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previous  years.  The  improvement  may  be  attributed  to  research,  investigation  of 
problems,  improved  parts  and  methods  of  operation,  etc.,  by  both  railway  signal 
personnel  and  the  manufacturers  concerned,  as  well  as  area  maintenance  personnel 
becoming  more  familiar  with  switch  heaters.  Modifications  have  been  literally  con- 
tinuous since  the  first  installations,  and  improvements  are  still  required.  Satisfactory 
snow  and  wind  breaks  at  turnouts  will  assist  in  this  regard. 

The  factors  governing  a  report  of  performance  of  switch  heaters  are  many  and 
varied;  many  are  difficult  to  obtain  in  a  recorded  manner,  and  performance  cannot 
be  stated  simply  as  just  being  satisfactory,  or  not  satisfactory. 

Each  individual  territory  has  variances  compared  to  another — in  weather  con- 
ditions and  availability  of  services  that  govern  the  type  of  heater  that  can  be 
installed — and  these  conditions  affect  performance.  In  other  words,  a  specific  heater 
in  one  location  can  be  fairly  satisfactory,  yet,  in  another  location,  the  same  heater 
may  be  less  than  satisfactory  because  of  some  factor  such  as  power  source  avail- 
ability, etc.;  and  even  with  all  latest  innovations  to  date  incorporated  in  a  heater, 
circumstances  may  force  us  to  accept  a  possibly  less-than-satisfactory  perform- 
ance. However,  it  is  considered  more  advantangeous  to  have  a  switch  heater  than 
not  to  have  one  at  all.  Thiis  is  predicated  on  the  fact  that  train  delays  have  to  be 
minimized,  and  the  use  of  switch  heaters,  even  if  at  times  their  performance  is  less 
than  satisfactory,  is  considered  more  economical  than  retaining,  normally  non- 
available,  manpower  on  a  standby  or  overtime  basis. 

The  following  recorded  information  shows  how  train  delays  are  afi^ected  by 
switch  heaters. 

1.  On  the  negative  side,  where  switch  heaters  are  installed,  the  number 
of  train  delays  incurred  indicated  instances  where  switch  heaters  were 
unable  to  cope  with  snow  or  ice  conditions  (not  whether  they  were 
actually  working  or  not,  although  this  may  have  been  the  case).  On  the 
positive  side,  the  information  shows  that  the  large  percentage  of  trains 
that  were  operated  were  not  delayed,  and  although  snow  and  ice  probably 
were  not  always  a  factor  for  each  of  these  trains,  nevertheless,  compared 
with  non-switch-heater  territory,  the  difference  is   appreciable. 

2.  Recorded  information  on  two  subdivisions  of  comparable  traffic  and 
weather  conditions,  one  with  switch  heaters  and  one  without,  indicates 
very  definitely  the  improvement  in  train  delays  that  switch  heaters  can 
effect,   as  follows: 

(a)  Without  Stoitch  Heaters: 

3,107  Trains  65  Trains  Delayed  1,245  Minutes 

(b)  With  Switch  Heaters: 

2,690  Trains  10  Trains  Delayed  255  Minutes 

The  main  purpose  of  switch  heaters  is  to  minimize  train  delays  by  keeping 
switches  functioning  properly;  they  have  become  a  necessity  rather  than  another 
labor-saving  device. 

It  is  anticipated  that  the  winter  of  1966-67  will  be  the  most  realistic  period 
of  appraising  the  performance  of  the  switch  heaters  herein  referred  to. 
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t  Deceased. 

Those  whose  names  are  shown  in  boldface,  in  addition  to  the  chairman  and  vice  chairman, 
are  the  subcommittee  chairmen,  and  those  designated  by  asterisks  constitute  the  Engineering 
Division,  AAR,  Committee  24. 

To  the  American  Railway  Engineering  Association: 

Your  committee  reports   on   the  following  subjects: 

L  Stimulate  greater  appreciation  on  the  part  of  railway  managements  of: 

(a)  the  importance  of  bringing  into  the  service  selected  graduates  of 
colleges  and  universities,  and 

(b)  the    necessity   of   providing   adequate   means   for   recruiting   such 
graduates  and  of  retaining  them  in  the  service. 

No  report. 

2.  Stimulate  among  college  and  university  students  a  greater  interest  in 
the  science  of  transportation  and  its  importance  in  the  national  eco- 
nomic structure  by: 

(a)  cooperating    with    and    contributing    to    the    activities    of   student 
organizations  in  colleges  and  universities,  and 

(b)  presenting  to  students  and  their  counselors  a  positive  approach  to 
the  advantages  of  choosing  railroading  as  a  career. 

Progress  report,  presented  as  information    page  264 
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3.  The   cooperative   system   of   prlncation,   inckiding   summer   employment 
in  railway  service. 
Progress   report,   presented   as   information    page  267 

5.   Ways  in  which  railroads  can  cooperate  with  universities  in  developing 
research,  including   the  revising  of  "Suggested  Topics  for  Theses  on 
Railroad  Subjects." 
No  report. 

6  Procedures  for  orienting  and  developing  newly  employed  engineering 
personnel. 

No  report. 

7  Stimulate  an  interest  by  college  and  university  staflF  members  in  cur- 
rent railroad  problems  and  practices,  including  AREA  membership. 
No  report. 

8.  Current    changes    in    engineering    education    and    their    implications 
regarding  employment  of  future  graduates  by  the  railroad  industry. 
Progress  report,  presented  as  information    page  268 

The  Committee  on  Cooperative  Relations  with  Universities, 

R.  H.  Beeder,  Chairman. 


AREA   Bulletin    603.    December   1966. 


Report  on  Assignment  2 

Stimulate  Among  College  and  University  Students 
a   Greater   Interest   in   the   Science   of  Trans- 
portation and  Its  Importance  in  the 
National  Economic  Structure  by 

(a)  Cooperating  with  and  Contributing  to  the  Activities  of  Student 
Organizations  in  College  and  Universities,  and 

(b)  Presenting  to  Students  and  their  Counselors  a  Positive  Ap- 
proach to  the  Attractive  and  Interesting  Features  of  the  Rail- 
road Industry  and  the  Advantages  of  Choosing  Railroading 
as  a  Career 

B.  B.  Lewis  (chairman,  subcommittee),  T.  M.  Adams,  R.  H.  Beeder,  J.  H.  Brown, 
J.  B.  Clark,  B.  M.  DAvrosoN,  J.  T.  Evans,  W.  S.  Gates,  Jr.,  C.  L.  Heimbach, 
C.  J.  Henry,  L.  J.  Hoffman,  E.  Y.  Huang,  W.  S.  Kerr,  J.  W.  Laurent, 
H,  R.  Moore,  V.  J.  Roggeveen,  P.  S.  Settle,  Jr. 

During  the  past  year  the  railroad  industry,  and  members  and  officers  of  the 
Association  made  the  following  contributions  to  student  organizations  in  colleges 
and  universities: 
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J.  B.  Clark,  chief  engineer,  Louisville  &  Nashville  Railroad,  spoke  to  fresh- 
men and  sophomore  civil  engineering  students  on  November  9,  1965,  at  the  Uni- 
versity of  Kentuckj'  on  railroad  civil  engineering  and  showed  the  AAR  motion 
picture  "Science  Rides   the  High  Iron." 

T.  J.  Mearsheimer,  engineer  of  structures.  New  York  Central  System,  addressed 
a  meeting  of  the  ASCE  Student  Chapter  at  the  Polytechnic  Institute  of  Brooklyn 
on  November  10,  1965.  He  described  the  work  and  responsibilities  of  a  railroad 
structural  engineer. 

H.  F.  Smith,  chief  engineer,  Reading  Co.,  and  A.  V.  Dasburg,  manager  yards 
and  terminals.  General  Railway  Signal  Co.,  spoke  and  showed  a  motion  picture 
on  the  layout  and  operation  of  automated  switch  yards  to  senior  civil  engineering 
students  at  Lehigh  University  on  November  30,  1965.  The  AAR  motion  picture 
"Science  Rides  the  High  Iron"  was  left  with  the  group  for  later  showing. 

Wm.  J.  Hedley,  assistant  vice  president,  Norfolk  &  Western  Railway,  past 
president,  AREA,  and  then  president,  American  Society  of  Civil  Engineers,  on 
December  15  spoke  on  railway  engineering  to  a  group  of  Purdue  University 
sophomore  civil  engineers  in  the  afternoon  and  to  the  ASCE  Student  Chapter  on 
civil  engineering,  including  comments  on  railway  transportation,  in  the  evening. 
L.  I.  McLaughlin,  industrial  engineer,  Pennsylvania  Railroad,  spoke  on 
industrial  engineering  in  the  railroad  industry  to  the  Student  Chapter,  American 
Institute  of  Industrial  Engineers  at  the  University  of  Massachusetts  on  December 
8,  1965. 

W.  E.  BiLLiNGSLEY,  assistaut  division  engineer.  Seaboard  Air  Line  Railroad, 
addressed  the  Student  Section,  American  Society  of  Mechanical  Engineers,  at  North 
Carolina  State  College  on  January  4,  1966,  on  the  fixed-property  aspects  of 
mechanical  engineering. 

J.  W.  Lynch,  division  engineer,  Southern  Pacific  Co.,  described  and  showed 
a  motion  picture  on  the  rebuilding  of  the  Northwestern  Pacific  Railroad  after 
devastation  by  floods  to  the  ASCE  Student  Chapter  at  the  University  of  Nevada 
on  January  5,   1966. 

J.  F.  Lynch,  division  engineer,  Southern  Pacific  Co.,  addressed  the  Society 
of  Engineering  Students,   University  of  California  at  Davis,  in  January  1966. 

J.  L.  LiND,  assistant  to  mechanical  engineer.  Northern  Pacific  Railway,  spoke 
to  the  Student  Section,  American  Society  of  Mechanical  Engineers,  at  North  Dakota 
State  College  on  January  19,  1966. 

H.  K.  Koberstein,  principal  senior  assistant  division  engineer,  Southern  Pacific 
Co.,  addressed  the  ASCE  Student  Chapter  at  Oregon  State  University  on  January 
26,  1966. 

J.  E.  Spangler,  principal  assistant  engineer.  Seaboard  Air  Line  Railroad, 
addressed,  and  showed  a  motion  picture  to,  a  transportation  engineering  class  at 
the  Georgia  Institute  of  Technology  on  February  1,  1966,  on  "Planning  and  Design 
of  Railway  Yards." 

D.  H.  Shoemaker,  chief  engineer.  Northern  Pacific  Railway,  described,  and 
showed  a  motion  picture  on,  a  $3  million  Hue  change  in  the  panhandle  of  Idaho  to 
the  advanced  transportation  engineering  class  of  the  graduate  school  of  the  Uni- 
versity of  Washington  on  February  17,  1966. 

A.  S.  McCann,  division  superintendent,  Southern  Pacific  Co.,  talked  and 
showed  the  AAR  motion  picture  "Science  Rides  the  High  Iron"  to  a  group  of  busi- 
ness administration  honor  students  from  the  University  of  Arizona  on  February 
24,   1966. 
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N.  D.  Bryant,  assistant  bridge  engineer — construction,  St.  Louis-San  Fran- 
cisco Railway,  talked  about  the  function  of  the  civil  engineer  in  railroading,  using 
the  AREA  slide  sets  and  AAR  motion  picture  "Science  Rides  the  High  Iron,"  to  the 
ASCE  Student  Chapter  at  the  University  of  Missouri  at  RoUa  on  March  2,  1966. 
In  addition,  he  and  others  showed  the  AAR  film  as  part  of  the  Frisco  Engineering 
Exhibit  at  Oklahoma  State  University  from  February  28-March  2,  during  which 
it  is  estimated  that  500-700  people  viewed  the  film. 

H.  F.  LoNGHELT,  assistant  engineer  maintenance  of  vvay,  Illinois  Central  Rail- 
road, gave  an  illustrated  talk  on  the  restoration  of  hurricane  storm  damage  to  the 
IC  to  the  ASCE  Student  Chapter  of  Louisiana  State  University  on  March  8,  1966. 

J.  W.  DiFFENDERFER,  director,  special  services,  Pennsylvania  Railroad,  gave  an 
illustrated  talk  on  "Engineering  High-Speed  Rail  Transportation  in  the  Northeast 
Corridor"  to  electrical  engineering  students  at  the  Polytechnic  Institute  of  Brooklyn 
on  March  10,  1966. 

J.  F.  Chandler,  assistant  engineer  of  construction.  Seaboard  Air  Line  Rail- 
road, described  the  layout  and  operation  of  the  SAL's  Hamlet,  N.  C,  hump  retarder 
yard,  and  showed  the  SAL  motion  picture  "A  Flick  of  the  Switch,"  to  the  ASCE 
Student  Chapter  at  Clemson  University  on  March  28,  1966. 

H.  E.  Richardson,  division  engineer,  Seaboard  Air  Line  Railroad,  addressed 
the  ASCE  Student  Chapter  at  the  University  of  Miami  on  "Civil  Engineers  in  the 
Railroad  Industry"   and  showed  the  SAL  motion  picture  "A  Flick  of  the  Switch." 

R.  H.  Beeder,  chief  engineer  system,  Atchison,  Topeka  &  Santa  Fe  Railway, 
spoke  and  showed  slides  on  thermonuclear  excavation  for  railroad  rights  of  way  at 
the  University  of  Wisconsin  on  April  20,  1966,  and  at  the  University  of  Illinois 
on  May  4. 

T.  W.  ToAL,  senior  staff  engineer,  Chicago,  Rock  Island  &  Pacific  Railroad,  on 
April  20,  1966,  addressed  the  ASCE  Student  Chapter  at  the  University  of  Iowa  on 
"Changing  Times  on  the  Rock  Island"  and  showed  the  AAR  motion  picture  "Science 
Rides  the  High  Iron." 

R.  E.  Davis,  superintendent,  Denver  &  Rio  Grande  Western  Railroad,  spoke 
to  the  ASCE  Student  Chapter  at  Brigham  Young  University  on  May  5,  1966,  on 
the  broad  aspect  of  railway  engineering  and  opportunities  therein,  and  showed  the 
AAR  film  "Science  Rides  the  High  Iron." 

H.  M.  Williamson,  chief  engineer  system.  Southern  Pacific  Co.,  spoke  on  May 
18,  1966,  to  the  civil  engineering  students  and  faculty  at  Purdue  University  on  the 
relocation  of  the  SP  line  near  Los  Angeles. 

Nearly  all  of  the  speakers  distributed  copies  of  the  AREA  Engineer  Recruiting 
Brochure,  entitled  "The  Railroad  Industry — A  Challenge  and  Opportunity  for  En- 
gineering Graduates,"  to  supplement  their  talks  and  give  the  students  and  faculty 
members  more  knowledge  on  the  employment  opportunities  on  railroads. 

On  October  14,  1966,  approximately  100  seniors  in  the  Civil  Engineering 
School  at  Purdue  inspected  the  AAR  Research  Center  in  Chicago,  and  also  visited 
the  Santa  Fe's  Corwith  Yard. 

The  Pictorial  Railroad  Exhibit  was  displayed  at  the  following  institutions 
during  the  first  six  months  of  1966. 

University  of  Nevada,  Reno,  Nev.,  January  4-14 

University  of  Idaho,  Moscow,  Ida.,  January  20-27 

University  of  California,   Los  Angeles,   Calif.,  February   18-25 
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Michigan   Technological   University,   Houghton,   Mich.,   March   21-30 
University  of  Nebraska,  Lincoln,  Neb.,  April  18-29 

As  of  November  21,  1966,  there  were  47  Student  Affiliates  at  29  diflereiit 
colleges  and  universities.  Thus,  in  the  6-year  life  of  the  AREA  Student  Affiliate 
Program  the  record  shows  a  total  of  180  Student  Affiliates  on  49  different  colleges 
and  universities  in  the  United  States  and  Canada. 


Report   on   Assignment   3 

The  Cooperative  System  of  Education,  Including 
Summer  Employment  in  Railway  Service 

VV.  A.  Olfver  (chairman,  subcomm(ittee ) ,  T.  M.  Adams,  J.  L.  Alvohd,  W.  S. 
AuTREY,  J.  B.  Babcock,  George  Baylor,  R.  H.  Beeder,  J.  F.  Davison,  R.  J. 
Fisher,  L.  C.  Gilbert,  W.  T.  Hammond,  C.  J.  Henry,  Claude  Johnston, 
B.  B.  Lewis,  R.  B.  Rice,  J.  A.  Rust. 

During  1966,  Committee  24  carried  on  its  established  program  of  canvassing 
the  railroads  concerning  their  summer  employment  needs  for  engineering  students. 
Since  1959  the  committee  has  sent  a  brief  but  formal  questionnaire  to  the  chief 
engineering  and  maintenance  officers  of  American  railroads  in  late  February  request- 
ing information  about  their  requirements  for  the  coming  summer,  as  well  as  infor- 
mation about  their  program  of  the  preceding  one.  The  questionnaire  return  has 
been  from  46  to  60  percent  of  the  number  sent  out  and  while  a  larger  return  is 
desirable,  it  has  been  sufficiently  large  to  encourage  the  continuation  of  the  assign- 
ment from  year  to  year. 

Not  all  of  the  railroads  who  return  the  questionnaire  offer  employment  through 
this  Committee  24  project.  Many  have  their  own  program  for  the  recruitment  of 
summer  employees,  and  many  student  engineers  are  employed  in  this  way.  As  a 
matter  of  fact,  what  evidence  is  available  indicates  that  far  more  are  employed  by 
these  direct  procedures  than  through  the  Committee  24  program.  A  number  of 
railroads  whose  procedures  do  not  allow  the  use  of  summer  employees  have  indi- 
cated their  recognition  of  the  value  of  the  Committee  24  activity  to  the  railroad 
industry  generally.  It  keeps  before  the  railroads  the  necessity  of  such  employment 
for  their  continuing  progress  and  also  lets  the  engineering  colleges  know  that  there 
are  still  opportunities  for  engineering  careers  with  the  railroads. 

The  following  tabulation  presents  the  results  obtained  from  the  1966  (juestion- 
naire.  While  the  number  of  questionnaires  returned  in  1966  was  smaller  than  the 
number  returned  in  1965,  the  number  of  railroads  offering  summer  employment 
increased.  This  may  have  been  at  least  partially  due  to  the  greatly  increased 
demand  for  young  engineers  on  the  part  of  industry.  The  number  reported  as  em- 
ployed during  the  summer  of  1965  and  the  number  permanently  employed  are  con- 
sidered to  be  only  an  indication  of  the  total  that  could  have  been  reported. 

Committee  24  again  thanks  the  railroads  for  their  continuing  encouragement 
and  cooperation. 
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1966  Summer  Employment  Program 


Offering  employment  through  Committee  24 

Offering  employment  but  not  through  Committee  24_ .  _ 
No  employment  available  in  1966 

Total  return  of  questionnaire 

Offering  employment  in  both  1965  and  1966 

Offering  employment  in  1966  but  not  in  1965 

Offering  employment  in  1965  but  not  in  1966 

Offering  employment  in  neither  1965  nor  1966 

Offering  employment  through  cooperative  arrangement. 

Number  reported  employed  in  summer  1965 

Number  reported  permanently  employed 


Number  of 
Railroads 


16 
17 
16 


49 

27 
5 
1 

15 

1 

449 

70 


Report  on  Assignment  8 

Current  Changes  in  Enginering  Education  and  Their  Implications 

Regarding  Employment  of  Future  Graduates  by  the 

Railroad  Industry 

J.  F.  Davison  (chairman,  subcommittee),  B.  G.  Anderson,  R.  H.  Beeder,  W.  R. 
BjoRKLUND,  A.  J.  Bone,  W.  S.  Gates,  Jr.,  L.  C.  Gilbert,  W.  T.  Hammond, 
W.  W.  Hay,  E.  Y.  Huang,  R.  G.  Michael,  R.  C.  Nissen,  J.  A.  Peebles, 
V.  J.  Roggeveen,  G.  Reed  Shaw,  T.  D.  Wofford,  Jr. 


The  growth  of  technical  knowledge  has  been  so  rapid  that  engineering  educa- 
tors have  been  pressed  continually  by  the  need  to  revise  and  update  the  engineering 
curricula.  There  have  been  many  studies  made  and  their  recommendations  have 
created  much  discussion  and  sometimes  controversy.  In  general  the  changes  which 
have   occurred   fall   within   the   following   categories: 

1.  Higher    entrance    requirements,    which    have    increased    the    mathematics 
and  science  content  of  the  high  school  curriculum. 

2.  Changing  emphasis  in  the  engineering  curricula  at  the  bachelor  level. 

3.  Increasing  emphasis  on  graduate  studies. 

Changes  in  High  School  Curricula 

While  there  is  a  definite  trend  toward  increased  science  and  mathematics,  the 
rate  of  change  is  not  uniform.  The  June  1966  issue  of  the  Journal  of  Engineering 
Education  quotes  a  New  York  Times  comment  attributed  to  Paul  Klinge,  assistant 
to  the  president  of  Indiana  University  which  says,  "Last  Fall  5  percent  of  the 
freshmen  at  Indiana  University  had  had  the  new  physics  in  high  school,  about  7 
percent  had  studied  the  new  chemistry  and  about  10  percent  the  new  biology. 
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"When  the  impact  does  hit  the  colleges,  it's  really  going  to  shake  up  things  on 
the  campus,  and  in  10  to  15  years  new  programs  now  being  put  into  the  elementary 
schools  and  junior  highs  are  going  to  change  things  so  much  that  we'll  have  to 
have  an  entirely  new  reform  movement." 

A  report  of  the  Engineering  College  Administrative  Council  issued  in  October 
1965  indicates  changes  in  science  and  mathematics  at  higli-schnol  level  liave  been 
made  as  shown  in  the  charts  on  page  270. 

These  charts  indicate  that  the  increase  in  admission  requirements  for  mathe- 
matics has  occurred  more  or  less  gradually  since  1950  and  has  now  tapered 
off  somewhat.  On  the  other  hand,  the  increase  in  requirements  for  basic  sciences 
occurred  primarily  in   I960'  and   1961. 

Changes  in  Bachelor  Level  Degrees 

Tile  Engineering  College  Administrative  Council  study  investigated  curricula 
changes  in  mathematics,  physics,  chemistry,  mechanics  and  graphics  based  on  the 
assumption  that  these  courses  constitute  the  majority  of  the  common-core  engineer- 
ing.  Their  report  includes  the   following  findings: 

1.  Changes  in  Mathematics: 

The  average  number  of  semester  credit  hours  required  in  mathematics 
has  been  about  18  since  1950,  with  a  range  from  a  minimum  of  about 
10  hours  to  a  maximum  of  about  27  hours.  The  level  of  mathematics 
has  increased,  however.  Up  to  1955  about  80  percent  of  all  engineering 
schools  grave  credit  for  college  algebra  and  trigonometry.  Since  then 
there  has  been  a  steady  decline  in  the  number  of  engineering  schools 
giving  such  credit.  Today  only  34  percent  of  the  engineering  schools  give 
credit  for  algebra  and  trigonometry.  The  average  credit  hours  was  4.2 
in  1950  as  opposed  to  less  than  1.5  in  1963.  Other  required  courses  have 
been  made  more  rigorous. 

2.  Changes  in  Physics: 

There  has  been  very  little  change  in  the  average  physics  requirements 
since   1950. 

3.  Changes  in  Chemistry: 

The  average  chemistry  requirement  was  8.3  hours  in  1950  and  7.6  hours 
in  1963.  The  range  of  requirements  for  all  engineering  students  varies 
from  a  low  of  about  4  hours  to  a  high   of  about  14  hours. 

4.  Changes   in  Mechanics: 

The  average  has  changed  very  little,  from  7.8  hours  in  1950  to  7.5  hours 
today.  The  range  varies  from  a  minimum  of  about  3  hours  to  a  maximum 
of   about   16  hours. 

5.  Changes  in  Graphics — Mechanical   Draming: 

In  1950  the  average  \\as  5.4  and  in  1963  the  average  was  4.0'.  Individual 
school  requirements  varied  from  a  low  of  0  to  a  high  of  7  hours  in  1963. 

6.  The  Rate  of  Curricula  Change: 

The  rate  of  curricula  changes  as  measured  by  credit  hour  changes  in 
these  course  areas  has  accelerated  since  1950. 
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The  following  table  shows  the  semester  credit  hours  of  the  average  engineering 
curriculum  devoted  to  these  five  course  areas  which  represent  about  one-third  of 
the  total  undergraduate  program. 

Summary  of  Curricula  Changes  in  Semester  Hours 


Course  Area 

1950 

1963 

Net  Change 

Mathematics 

Physics 

Chemistrv                     

17.89 

10.39 

8.27 

7.80 

5.40 

49.75 

17.98 

10.79 

7.59 

7.53 

3.95 

47.84 

+0.09 
+0.40 
-0.68 

Mechanics 

Drawing 

Total 

-0.27 
-1.45 

-1.91 

In  considering  the  findings  of  the  Engineering  College  Administrative  Council, 
it  should  be  remembered  that  there  has  been  a  change  in  the  quality  of  the  courses 
and  also  in  their  description.  The  changes  which  have  occurred  in  the  course  con- 
tent of  such  schools  as  mathematics  and  physics  are  undoubtedly  more  important 
than  any  change  in  the  semester  hours.  On  the  other  hand,  due  to  changes  in  course 
designation,  the  classification  Graphics — Mechanical  Drawing  does  not  show  as 
great  a  reduction  as  has  actually  occurred  in  drafting  room  hours  at  most  major 
institutions.  In  other  words,  the  increase  in  mathematics  and  physics  content  and 
the  decrease  in  graphics — mechanical  drawing  are  both  considered  to  be  of  greater 
significance  than  the  change  in  semester  hours  indicates. 

In  response  to  the  pressure  for  change  in  the  engineering  curriculum,  the 
American  Society  for  Engineering  Education  established  a  committee  to  study  the 
goals  of  engineering  education.  The  preliminary  report  of  this  committee,  issued  in 
October  1965,  contained  some  14  recommendations  of  which  the  following  are  the 
most  significant  from  the  employers  point  of  view: 

1.  The  first  professional  degree  in  engineering  should  be  the  master's  degree, 
awarded  upon  completion  of  an  integrated  program  of  at  least  five  year's 
duration. 

2.  Four-year  bachelor's  degree  programs  leading  to  an  introductory  engi- 
neering degree  should  continue  to  be  ofl^ered. 

4.  Curricula  leading  to  the  first  professional  degree  in  engineering  should 
continue  to  be  soundly  based  on  the  physical  sciences,  the  engineering 
sciences  and  mathematics. 

5.  Analysis,  synthesis  and  design  of  systems  should  be  given  increased 
emphasis  in  engineering  curricula  at  all  levels. 

10.  Part-time  graduate  programs  of  high  quahty  should  be  extended  to  serve 

practicing   engineers. 
14.  Continuing  study  by  degree  holders  at  all  levels  is  a  recognized  need  of  a 

learned  profession  which  appears  to  be  inadequately  filled  in  engineering. 

The  prehminary  report  of  the  Goals  Committee  was  discussed  at  the  1966 
annual  meeting  of  ASEE  but  was  not  accepted  as  presented.  A  revised  "interim" 
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report  is  to  be  submitted  in  October  reflecting  some  of  the  comments  made  at  the 
annual  meeting  and  the  final  report  is  scheduled  for  June  1967. 

A  separate  report  by  some  of  the  "'Goals"  staff,  as  published  in  the  June  1966 
issue  of  tile  Journal  of  Engineering  Education,  presents  some  of  the  data  collected 
in  the  "Goals"  study.  The  following  charts  show  graphically  the  views  of  manage- 
ment representatives  in  various  industries  of  the  most  useful  type  of  engineering 
curriculum  and  also  tlieir  opinions  on  a  common  vs.  a  specialized  curriculum. 
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These  charts  demonstrate  some  of  the  difficulties  faced  by  engineering  educa- 
tors in  establishing  a  curriculum  to  satisfy  the  industrial  employers  of  their  product. 
Although  the  railway  industry  is  not  classified  separately,  it  probably  fits  with  the 
utilities  group. 

Increasing  Emphasis  on  Graduate  Studies 

In  the  ASEE  preliminary  report  on  the  Goals  of  Engineering  Education  there 
are  comments  on  the  growth  of  graduate  education  which,  in  part,  are  as  follows: 

"With  respect  to  growth  in  numbers  it  is  interesting  to  note  that  in  the  period 
around  1900  tlie  ratio  of  total  graduate  degrees  to  bachelor's  degrees  in  engineering 
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was  only  1:100;  by  1930  the  ratio  had  progressed  to  about  1:20;  in  1960  it  was 
1:4;  and  in  1964  it  was  1:3.  The  long-range  trends  indicate  the  ratio  will  reach 
1:2  in  less  than  10  years." 

The  report  also  presents  this  trend  in  graphical  form  and  assumes  that  the 
1900-1960  trend  can  be  projected  to  1976.  On  this  basis  engineering  degrees 
awarded  in  that  year  would  be: 

Bachelor's  degrees    75,000 

Master's    degrees    40,000 

Doctor's    degrees    6,000 

Tliis  trend  indicates  that  over  60'  percent  of  engineering  graduates  can  be 
expected  to  undertake  graduate  study,  primarily  to  master  level. 

The  organizational  reviews  on  engineers  in  industry  and  government  reported 
in  the  June  issue  of  tlie  Journal  of  Engineering  Education  indicate  varying  opinions 
as  to  tile  adequacy  of  the  supply  of  engineers  which  appears  dependent  upon  the 
type  of  industry,  as  follows: 


PRESENT  AND  LONG  RANGE  NEEDS  FOR  ENGINEERS 
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This  chart  represents  the  view  of  management  representatives,  and  indicates 
that  industry  comparable  to  the  railroads  (utilities)  are  evenly  divided  as  to  the 
adequacy  of  the  present  supply  of  graduates  with  master's  degrees  but  there  is 
almost  complete  unanimity  regarding  the  future  increased  requirement  for  this  level 
of  competence. 
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The  view  is  not  universally  held,  however,  that  industry  requires  a  level  of 
competence  higher  than  the  bachelor  degree.  Many  personnel  representatives  feel 
that  the  bachelor  level  is  sufficient  if  kept  up  to  date  with  short  courses.  The  report 
contains  the  following  chart: 
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The  current  status  from  the  point  of  view  of  the  engineering  educator  appears 
to  be  summarized  in  the  closing  paragraphs  of  the  article  in  the  June  1966  Journal 
of  Engineering  Education,  as  follows: 

"The  changes  that  have  taken  place  in  engineering  education  diuring  the  past 
decade  are  apparent  in  management  views  regarding  recent  and  earlier  graduates. 
Recent  engineering  graduates  are  thought  to  have  had  a  stronger  preparation  in 
the  theoretical  areas  of  mathematics,  science,  engineering  science,  computer  pro- 
gramming, and,  in  general,  a  better  liberal  education  than  their  colleagues.  Also 
it  is  thought  that  recent  graduates  are  not  as  strong  as  older  graduates  in  such 
areas  as  engineering  design  and  engineering  drawing  and  graphics.  The  greatest 
weaknesses  are  still  thought  to  be  in  such  areas  as  report  writing,  oral  reporting, 
supervisory  abilities,  economic  analysis,  and,  despite  improvements,  in  liberal  or 
general  education. 

"It  appears,  then,  that  education  institutions  are  faced  with  the  complex  task 
of  developing  programs  to  meet  three  more-or-less  document  needs  for  engineering 
graduates  in  American  society.  One  pattern  of  need  is  manifested  in  the  desire  for 
engineering  graduates  with  a  general  technological-scientific  education  suited  for  a 
wdde  variety  of  positions  in  industry  and  government.  A  second  pattern  is  found  in 
industries  that  require  engineers  specifically  educated  in  fields  closely  associated 
with  their  activities.  The  final  pattern  is  seen  in  those  industries  requiring  engineers 
with  graduate  education  which  will  enable  them  to  cope  with  new  and  complex 
problems  of  a  technological-scientific  age." 
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( E )  Member  Emeritus. 

Those  whose  names  are  shown  in  boldface,  in  addition  to  the  chairman  and  vice  chairman, 
are  the  subcommittee  chairmen,  and  those  designated  by  asterisks  constitute  the  Engineermg 
Division,    AAR,   Committee   22. 

To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

No   report.    Chapter   22    of   the   manual   is   not   presently  in   need   of 
revision. 

2.  Analysis  of  operations  of  railways  that  have  substantially  reduced  the 
cost  of  labor  required  in  maintenance  of  way  work. 

Progress  report,  presented  as  information    page  291 

3.  Labor    economies    in    organizing    mechanized    forces    for    track    main- 
tenance. 

Final  report,    presented   as   information    page  286 

4.  What    various    railroads    have    done    to    effect    economies    in    track 
inspection. 

Study  in  progress,  but  no  report. 
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5.  Economics    of  track  labor  in   the  maintenance  of   continuous   welded 
rail,  collaborating  with  Committee  31. 

Study  in  progress,  but  no  report. 

6.  Economics  of  maximum  mechanization  in  yards  and  terminals. 
Study  in  progress,  but  no  report. 

7.  Economics  of  rail  grinding. 

Final  report,  presented  as  information   page  288 

The  Committee  on  Economics  of  Railway  Labor, 

M.  S.  Reto,  Chairman. 
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Report  on  Assignment  2 

Analysis  of  Operations  of  Railroads  that  Have  Substantially 

Reduced  the  Cost  of  Labor  Required  in  Maintenance 

of  Way  Work 

A.  E.  Shaw,  Jr.  (chairman,  subcommittee),  M.  B.  Allen,  L.  B.  Cann,  Jr.,  A.  B. 
Chaney,  S.  a.  Cooper,  J.  E.  Eisemann,  F.  J.  Farish,  L.  C.  Gilbert,  C.  R. 
Harrell,  J.  O.  HoLLADAY,  R.  H.  Jordan,  T.  L.  Kanan,  R.  A.  Kendall,  C.  E. 
McEntee,  H.  C.  Minteer,  E.  T.  Myers,  J.  A.  Naylor,  R.  W.  Preisendefer, 
W.  A.  SwARTZ,  W.  B.  Throckmorton,  H.  E.  Wilson,  F.  R.  Woolford. 

This  is  the  twenty-fifth  report  on  analysis  of  operations  of  railroads  that  have 
substantailly  reduced  the  cost  of  labor  required  for  maintenance  of  way  work, 
which  subject  has  been  reassigned  annually  since  1935.  This  report,  submitted  as 
information,  is  based  on  a  field  inspection  trip  made  by  Committee  22  on  July  18 
and  19,   1966. 

On  July  18  the  committee  was  conducted  on  a  tour  of  the  Canadian  National 
Railways'  Symington  Yard  at  Winnipeg,  Man.,  and  on  the  19th  it  observed  a  tie 
renewal  gang  and  surfacing  gang  on  the  Canadian  Pacific  Railway.  After  that  it 
toured  the  Canadian  Pacific  roadway  shop  located  outside  Winnipeg,  where  cer- 
tain of  the  road's  snow-fighting  equipment  is  given  summer  repair  and  stored  for 
the  forthcoming  year. 

Following  the  visit  to  the  Canadian  Pacific,  the  committee  toured  the  Canadian 
National's  roadway  shop  and  its  reclamation  plant. 

Symington  Yard 

Symington  Yard,  one  of  the  newest  and  most  modern  on  the  Canadian  National 
Railways,  is  located  on  the  outskirts  of  Winnipeg.  It  is  a  gravity  classification  yard 
with  a  rated  capacity  over  the  dual  hump  track  of  6,000  freight  cars  per  day.  Tlie 
yard  has  156  tracks  for  all  purposes,  representing  an  overall  length  of  108  track 
miles.  There  is  a  main  classification  yard  with  62  classification  tracks  and  on  either 
side  are  receiving  and  departure  yards.  In  all,  Symington  has  a  standing  capacity 
for  7,010  cars. 

The  retarders  and  all  switch  movements  on  the  hump  are  electrically  operated. 
The  rail  on  the  hump  and  throughout  the  retarders  is  132  RE,  of  conventional 
bolted  construction.  Switches  on  the  hump  are  equipped  with  air  blowers  for  snow 
removal. 


Economics    of    Railway    Labor 277 

The  tracks  throughout  the  receiving  and  departure  yards  are  laid  with  100-lb 
rail,  which  is  generally  of  welded  construction.  The  majority  of  the  power-operated 
switches  on  these  tracks  are  equipped  with  natural-gas  switch  heaters.  All  tracks 
throughout  the  yard  are  laid  on  stone  ballast. 

Tie  Renewal  Operations  on  the  Canadian  Pacific  Railway 

The  equipment  inspected  was  working  on  the  double-track  main  line  of  the 
Canadian  Pacific  (Carberry  Subchvision ) ,  Mile  Post  45.5,  in  the  vicinity  of  Portage, 
La  Prairie,  which  is  approximately  50  miles  west  of  Winnipeg.  The  two  tracks  in 
this  area  are  laid  with  100-lb  rail,  fully  tie  plated  witii  single-shoulder  tie  plates 
with  three  spikes  per  plate.  There  is  an  average  of  22  ties  per  39-ft  rail,  and  the  rail 
is  fastened  with  four-hole  joint  bars,  no  locker  washers  being  used.  Ballast  is  pit- 
rim  gravel.  The  annual  tonnage  carried  is  at  present  17  million  gross  tons  east- 
bound  and  12  million  tons  westbound.  The  CPR  on  this  portion  of  its  main  hue 
operates  passenger  trains  at  speeds  up  to  90  mph  and  freight  trains  to  60  mph. 
Train  movements  are  controlled  by  automatic  signaling.  Routine  maintenance  is 
carried  out  by  section  forces  who  also  remove  and  replace  crossing  planks,  motor 
car  set-offs,  etc.,  to  expedite  the  progress  of  tie  renewal  and  surfacing  operations. 
In  the  area  visited  the  sections  are  approximately  17  miles  long  (8.5  miles  of 
double  track)   with  a  foreman  and  two  to  three  laborers. 

The  organization  of  the  CPR  tie  gang  is  as  follows: 

1  Foreman. 
1  Flagman. 

1  Machine   operator.  —  Hydraulic  spike  puller. 

1  Laborer.  Remove  rail  anchors  and  pile  spikes  in  center  of  track, 

away  from  tie  being  removed. 

1  Machine   operator. — Tie  axe. 

2  Laborers.  Loosen   tie   butts   in   center   of   track   and   load   splinters 

from  end  of  ties  on  push  car.  This  push  car  has  a  dump 
body  on  it  and  when  it  is  full  the  splinters  are  unloaded 
near  a  pile  of  tie  butts. 

1  Machine  operator.  —  Tie  handler.  Remove  tie  butts  and  tie  centers  from  track 
and  stack  in  piles  for  burning  later  by  local  section 
forces. 

1   Laborer.  Positions   new  tie  for  insertion. 

1   Machine    operator.  —  Tie  bed  scarifier — inserter. 

1   Laborer.  Handles  the  tie  hook  for  inserting  the  ties  in   conjunc- 

tion with  the  tie  bed  scarifier — inserter. 

1  Laborer.  Places  tie  plates. 

1   Machine    operator.  —  Tamper. 

1   Laborer.  Straightens  tie  plates. 

1  Machine    operator. —  Operates  hydraulic  spike  driver. 

2  Laborers.  Set  spikes  for  hydraulic  spike  driver. 
1   Laborer.  Replaces  rail  anchors. 

1  Machine    operator.  —  Ballast   regulator. 
1  Flagman. 
20  Total 

In  addition,  there  is  an  assistant  roadmaster  ^v^th  the  gang. 
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Hydraulic  spike  puller,  with  one  operator  and  one  man  to  pile  the  spikes  in  center 
of  track.  This  man  also  removes  the  rail  anchors. 


Tie  axe,  with  operator. 
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Two  laborers  loosen  tie  butts  in  center  of  track  and  load  splinters  from  ends 
of  ties  on  a  push  car.  This  car  has  a  dump  body,  and  when  it  is  full,  the  splinters 
are  unloaded  near  a  pile  of  tie  butts. 


Cut  pieces  of  tie  as  they  are  just  prior  to  being  moved  out  of  track  by  tie  handler. 
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Tie  being  pulled  into  place  by  tie  be<l  scarifier-inserter,  with  one  operator. 


Installing  tie  plates  on  new  ties. 
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Tamping  machine,  with  one  operator. 


HydrauHc  spike  driver,  with  one  operator  and  two  men  to  set  the  spikes. 
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Ballast   regulator,   with  one  operator. 


This  tie  gang  installs  200  ties  per  mile  or  more  and  works  a  10-hour  day, 
6  days  per  week,  with  some  train  interference.  During  the  working  season  of  1965, 
typical  gangs  such  as  this  installed  137,441  ties  in  257  days  for  an  average  of  534 
ties  per  day  per  gang.  The  tie  renewal  gang  is  housed  in  standard  on-track 
camp  cars. 

CPR  Surfacing  Gang 

The  CPR  attempts  to  program  the  work  of  its  surfacing  gangs  so  that  all  main 
tracks  and  principal  secondary  lines  are  covered  each  year.  Generally  speaking,  the 
road  considers  that  any  given  section  of  track  can  be  worked,  using  only  a  selective 
raising-tamping  technique,  for  up  to  10  consecutive  years  before  an  out-of-face  lift 
is  required  with  additional  ballast. 

When  only  light  smoothing  is  to  be  carried  out,  the  extent  of  lifting  is  decided 
by  the  local  section  foreman.  Using  a  level  board  and  sighting  along  the  top  of  the 
rail  by  eye,  he  marks  on  ties  or  rail  base  the  ties  which  are  to  be  tamped  and  rail 
brought  up  to  surface.  The  number  of  ties  tamped  in  any  rail  length  varies  from  a 
minimum  of  two  joint  ties  up  to  every  tie  in  the  rail  length,  depending  on  the 
surface  and  cross  level  condition. 

On  the  day  of  Committee  22's  inspection,  the  gang  was  working  on  the  oppo- 
site track  from  the  tie  gang  in  the  same  general  vicinity.  The  equipment  used  con- 
sisted of  a  production  tamper  with  automatic  raising  and  lining  features  which  are 
controlled  by  hght  beams.  The  front  buggy  controlling  the  line  was  at  a  fixed 
distance,  approximately  40  ft,  in  advance  of  the  buggy  controlling  the  surface.  This 
distance  was  fixed  by  the  use  of  tubular  sections  on  track  dollies  between  the  two 
buggies.  The  buggy  controlling  the  jacking  device  was  being  maintained  at  approxi- 
mately 50  ft  in  advance  of  the  tamper.  Although  not  all  tlie  ties  are  tamped,  the 
track  is  brought  into  correct  alignment  at  every  tie  as  the  tamping  unit  moves  over 
the  track.  The  track  force  needed  to  operate  this  unit  is  as  follows: 

1   Foreman 

1  Machine  operator 
3  Laborers 

2  Flagmen 
7       Total 
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All  operations  of  the  gang  are  supervised  by  the  foreman.  The  three  laborers 
fill  cribs  and  trim  the  shoulders  behind  the  tamper. 

Production  of  this  gang  when  engaged  in  this  type  of  work,  tamping  and 
lining,  is  up  to  2  miles  per  10-hour  day,  depending  on  the  condition  of  the  track 
and  frequency  of  trains.  This  gang  is  housed  in  standard  on-track  camp  cars. 

CPR  Snow-Fighting  Equipment 

Following  the  inspection  of  the  tie-tamping  equipment,  the  committee  viewed 
a  display  of  snow-fighting  equipment  as  used  on  the  Canadian  Pacific  in  its  heavy 
snow  area.  The  first  machine  observed  was  a  self-propelled  rotary  snow  blower. 
This  machine  was  rebuilt  in  the  Canadian  Pacific  shop  from  a  snow  melter  which 
was  originally  a  highway  or  airport  type  of  plow.  It  is  powered  by  a  260-hp  diesel 
and  propelled  by  an  85-hp  diesel.  The  blower  is  equipped  with  a  hydraulic  trans- 
mission and  four-wheel  drive.  The  machine  is  used  for  yard  clearing  only  and  oper- 
ated by  maintenance-of-way  employees. 

Next  the  committee  inspected  compact,  unit,  snow-blower  attachments  for 
front-end  loaders.  These  units  are  powered  by  100-  to  150-hp  engines  with  chute 
and  throttle  controls  operated  from  the  cab.  These  machines  are  used  for  removing 


CPR  snow  plow. 
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Snow  removal  device  mounted  on   ballast  regulator. 


snow  from  lead  switches  and  for  snow  clearing  jobs  in  outlying  areas.  Other 
machines  inspected  are  attachments  for  the  various  makes  of  ballast  regulators. 
They  sweep  the  snow  into  a  blower  which  discharges  it  to  one  side  or  the  other. 
These  machines  are  also  used  for  snow  removal  in  yards. 

CNR  Roadway  Repair  Shop 

At  the  Canadian  National  roadway  repair  shop,  the  committee  observed  a  new 
motor-car  cover  of  a  special  lightweight  plastic  and  an  inside  heater,  both  designed 
by  the   road. 

The  Canadian  National  rebuilds  track  motor-car  wheels  through  a  method 
developed  on  the  road  by  which  the  tread  and  flanges  of  worn  wheels  are  built  up 
with  a  semi-automatic  welder  while  the  wheel  is  rotated.  The  wheels  are  then 
turned  down  on  a  lathe.  By  this  process  the  life  of  a  wheel  is  nearly  doubled.  The 
cost  of  doing  this  is  approximately  two-thirds  the  cost  of  a  new  wheel.  Also,  the 
Canadian  National  uses  in  the  wintertime  a  motor-car  wheel  which  has  an  approxi- 
mate %-  by  %-in  raised  bead  around  the  circumference  of  the  tread  of  the  wheel. 
It  has  been  found  that  this  bead  will  cut  through  snow  and  ice  on  the  rails.  Each 
fall  these  wheels  are  installed  for  winter  usage. 

CNR  Roadway  Scrap   and  Reclamation  Plant 

The  last  point  visited  was  the  Canadian  National's  roadway  scrap  and  reclama- 
tion plant  located  on  the  outskirts  of  Winnipeg.  At  diis  plant  the  road  crops  rail, 
repairs  frogs  and  other  types  of  track  material  as  well  as  salvages  and  repairs  rail- 
road car  parts   and  components. 

Bui.  603 
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Report  on  Assignment  3 

Labor  Economies  in  Organizing  Mechanized  Forces 
for  Track  Maintenance 

R.  W.  Pember  (chairman,  subcommittee),  A.  D.  Alderson,  M.  B.  Allen,  Arlie 
BoRNHOFT,  R.  H.  Carpenter,  J.  K.  Gloster,  J.  O.  Holladay,  R.  H.  Jordan, 
T.  L.  Kanan,  a.  L.  Maynard,  R.  L.  Mays,  J.  A.  Naylor,  C.  T.  Popma, 
R.  W.  Preisendefer,  D.  E.  Rudisill,  Gene  E.  Scholze,  H.  W.  Seeley,  Jr., 
W.  W.  Squire,  J.  E.  Sunderland,  Jr.,  W.  A.  Swartz,  G.  E.  Warfel,  F.  R. 
WooLFORD,  C.  R.  Wright. 

Your  committee  submits  this  final  report  as  information. 

Detailed  questionnaires  were  prepared  and  forwarded  to  officers  of  47  railroads 
in  the  United  States  and  Canada.  Response  from  29  of  these  is  considered  sufficient 
to  provide  a  representative  cross  section  for  the  purpose  of  this  presentation. 

The  information  furnished  on  the  questionnaires  was  obtained  from  reports 
submitted  by  the  various  railroads  to  the  Interstate  Commerce  Commission.  An 
analysis  of  the  compiled  data  is  presented  herein  in  tabular  form,  for  convenient 
comparison  by  the  individual  railroad  of  its  own  position  with  the  average  of  the 
reporting  railroads. 

The  responding  railroads  comprised  a  total  of  241,470  miles  of  track,  with  an 
average  of  8,327  miles,  and  a  range  from  429  mile^  to  21,710  miles.  Traffic  ranged 
from  2  million  to  152  million  gross  ton  miles  per  year. 

Recognizing  the  broad  range  of  size  of  railroads  in  this  country,  it  is  considered 
that  a  more  realistic  comparison  can  be  made  by  statistical  collation  with  railroads 
of  the  same  relative  size;  therefore,  the  29  reporting  railroads  were  placed  into 
three  categories,  according  to  total  number  of  miles  of  track  reported  as  maintained 
in  1964.  Total  mileage  includes  main  hnes,  branch  lines,  passing  tracks,  yard  tracks 
and  side  tracks.  The  classifications  of  the  categories  are  as  follows: 

Category  No.  No.  Reporting  Size 

I  12  10,000  miles  or  more 

II  6  9,999-^,001   miles 

III  II  4,000  miles  or  less 

Prior  to  the  year  1950,  the  degree  and  amount  of  reorganization  and  mechaniza- 
tion in  the  railroad  industry  had  been  minimal  in  comparison  to  that  occurring 
betwen  1950  and  this  date.  The  year  1964  was  chosen  as  it  was  the  latest  year  for 
which  sufficient  data  could  be  obtained  within  the  time  limit  of  this  study. 

The  information  shown  on  the  chart  was  obtained  by  arithmetical  means. 

Although  the  change  in  miles  of  track  maintained  between  1950  and  1964  was 
not  consistent  among  the  three  categories,  the  total  mileage  of  the  three  categories 
decreased  only  4.44  percent. 

To  maintain  the  above  mileage,  the  number  of  combined  forces  decreased; 

Category  I  56.62  percent 

Category  II  63.34  percent 

Category  III  64.13  percent 
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The  track  labor  rate  per  hour  increased: 

Category  I  185.41  percent 

Category  II  189.19  percent 

Category  III  176.30  percent 

Combining  the  decrease  of  the  above  forces  with  the  average  track-labor  rate 
increase,  the  net  resulted  in  the  following  reduction  in  the  average  total  cost  of 
labor  per  hour  between  the  years  1950  and  1964: 

Category  I  20.17  percent 

Category  II  30.62  percent 

Category  III  36.76  percent 

Reference  to  the  included  chart  will  reveal  several  factors  responsible  for  the 
decrease  in  total  labor  cost  per  hour.  One  of  the  prime  factors  playing  a  major  role 
has  been  the  increased  use  of  mechanized  equipment  for  track  and  roadway  main- 
tenance. During  the  time  period  covered  by  this  study,  investment  in  roadway 
machines  and  small  tools  combined  has  increased  278.62  percent  in  Category  I, 
with  Categories  II  and  III  showing  a  lesser  amount. 

Further  reference  to  Category  I  discloses  that  total  maintenance-of-way  oper- 
ating expenses  decreased  14.12  percent,  that  53.00  percent  less  rail  was  laid  in 
•eplacement  and  that  46.50  percent  less  cross  ties  were  applied  in  maintenance  in 
i964.  It  is  interesting  to  note  at  this  point  that  the  amount  of  jointed  rail  laid  in 
replacement  decreased  in  1964  in  all  categories,  whereas  the  amount  of  welded  rail 
increased  in  all  categories,  except  second-hand  welded  rail  in  Category  III,  which 
remained  at  zero. 

In  order  to  determine  if  any  advantage  has  been  realized  through  organized 
mechanized  forces  and  investment  in  mechanized  roadway  equipment,  the  following 
relationships  were  developed,  based  on  the  submitted  data: 

( 1 )  Annual  track  labor  cost  per  track  mile  ^  ( Labor  in  man-hours  X  "2088 
hours  per  year  X  rate  per  hour)   per  track  miles  maintained. 

(2)  Annual  cost  per  track  mile — Roadway  Machines  &  Small  Tools  =   (Ac- 
count 269   +   Account  271)    per  track  miles  maintained. 

(3)  Total  track  cost  per  track  mile  —  (1)   +   (2). 


"  Average   based   on    21.75   work   days   per   month. 

Using  the  above  relationships  and  data  in  Category  I,  the  following  example 
is  submitted: 

1950  1964 

Miles   of   track   maintained    14,774  14,693 

Labor  to  maintain  in  man-hours    15,841,656  7,688,016 

Man-hours  per  track  mile   1,072  523 

Labor  cost  per  track  mile    1,406.46  1,262.52 

Labor  cost  per  track  mile    1,406.46  1,262.52 

Roadway  machines  and  small  tools  per  track  mile   .  .              119.40  223.27 

Total  cost  per  track  mile   $1,525.86  $1,485.79 

Difference    $40.07  decrease 
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The  above  results  indicate  that  a  reduction  in  labor  cost  per  track  mile,  offset 
by  an  increase  in  the  track-labor  rate,  plus  an  increase  in  the  cost  per  track  mile 
of  roadway  machines,  resulted  in  a  decreased  labor  cost  of  maintenance  per  track 
mile.  However,  you  will  note  that  the  above  labor  installed  less  material  in  1964 
than  in  1950. 

With  recognition  of  the  facts  above  reported,  the  manufacturers  of  railroad 
equipment,  along  with  the  railroad  maintenance  officers,  continue  vigorously  to 
develop  improved  machines  and  organizations  to  further  increase  economies  of 
maintenance  in   order   to  compete   with  other  modes  of  transportation. 


Report  on  Assignment  7 
Economics  of  Rail  Grinding 

R.  P.  Howell  (chairman,  subcommittee),  O.  C.  Benson,  J.  A.  Caywood,  P.  A. 
CosGROVE,  C.  G.  Davis,  L.  E.  Donovan,  J.  E.  Eisemann,  W.  J.  Jones,  R.  G. 
Maughan,  C.  W.  Owens,  H.  W.  Seeley,  Jr.,  R.  G.  Simmons,  J.  T.  Sullivan. 

Your  committee  submits  as  information  the  following  report  on  the  assignment 
to  determine  labor  economies  derived  from  rail  grinding. 

In  the  course  of  progressing  this  assignment  through  a  questionnaire,  other 
related  data  were  also  sought.  This  other  information  is  presented  in  a  consensus 
form  whenever  possible.  However,  individual  views  when  felt  to  be  pertinent  have 
also  been  stated. 

Of  the  34  roads  known  to  have  ground  rail  to  any  extent  that  were  questioned, 
26  responded.  Fourteen  of  these  had  completed  rail  grinding  programs  in  three  of 
the  last  five  years.  Seven  had  completed  programs  in  at  least  the  last  five  consecu- 
tive years  and  represent  an  aggregate  1965  program  of  close  to  5,500  miles  of 
grinding.  Individual  programs  of  this  group  covered  a  range  from  a  minimum  of 
184  to  a  maximum  of  1,860  miles. 

Three  roads  stated  that  they  programmed  on  a  cyclical  basis.  One  of  this  group, 
a  longer  mileage  road,  which  has  ground  consecutively  for  the  past  several  years, 
now  attests  to  being  on  a  seven-year  cycle  on  its  main-line  track.  Others  most 
generally  program  on  the  basis  of  immediate  need  after  field  inspections,  utilizing 
batter  measurements,  other  information  on  surface  defects,  rail  age,  welding  and 
bar  records  in  their  decisions.  Corrugation  elimination  also  requires  specific  infor- 
mation when  used  as  a  programming  basis. 

Most  programs  originate  on  a  district  or  division  level  with  field  measurements 
taken  by  a  welding  supervisor  or  track  supervisor.  One  road  includes  representation 
from  the  grinding  contractor  in  its  inspection  group.  Programs  are  then  reviewed, 
approved  and  consolidated  by  the  chief  engineer.  Grinding-train  scheduling  is  done 
under  the  direction  of  the  engineer  maintenance  of  way,  engineer  track,  or,  in  a  few 
cases,  by  a  process  or  methods  engineer. 

Primary  main-line  track  only  is  normally  programmed  with  50  to  75  percent  of 
the  mileage  comprised  of  jointed  rail,  primarily  ground  to  reduce  batter.  The 
majority  of  the  grinding  is  done  on  rail  which  was  laid  new  and  where  general 
track  conditions  are  fair  to  good.  It  was  also  noted  that  a  few  roads  are  grinding 
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relay  rail  where  it  has  been  laid  in  primary  main  tracks.  Other  general  rail  cate- 
gories of  track  that  are  programmed  for  grinding  follow,  in  weighted  order: 

a.  Continuous  welded  rail,  both  new  and  relay,  after  laying,  to  correct 
welded  joint  irregularity  and  surface  imperfections.  Up  to  36  percent  of 
the  programmed  track  miles  in  a  large  1965  program  was  noted  to  be  in 
this  category. 

b.  Corrugated  rail.  A  few  roads'  programs  are  set  up  exclusively  to  correct- 
ing  this   rail  defect,   some   programs   including  up  to    100  miles  of  track. 

c.  Stretches  where  out-of-face  welding  was  done  the  previous  year. 

d.  Stretches  of  jointed  new  and  relay  rail  laid  the  previous  year,  for  reduc- 
tion of  mill  scale,  surface  imperfections  and  mis-matched  joints, 
respectively. 

e.  Stretcbes  of  rail  with   a  large  concentration  of  engine  burns. 

f.  Single  track  converted  to  bi-directional  operation. 

The  criterion  for  grinding  based  on  batter  measurements  appears  to  cover  a 
wide  range  of  theory.  Generally,  a  maximum  batter  for  grinding  consideration  has 
been  from  0.025  in  to  0.030  in.  However,  two  roads  which  have  done  considerable 
grinding  use  a  greater  maximum  tolerance.  For  one  it  is  0.035  in;  the  other,  which 
uses  tandem  grinding  trains,  has  established  its  minimum  and  maximum  for  consid- 
eration at  0.025  in  and  0.050  in,  respectively. 

Most  roads  specify  the  number  of  passes  to  be  made  before  the  grinding  is 
started,  particularly  where  there  has  been  good  advance  inspection.  Where  the 
criterion  of  batter  is  in  the  0.025  in-0.030  in  range,  normally  two  passes  are 
specified.  This  is  done  on  the  basis  that  0.008  in  to  0.010  in  is  removed  on  the 
first  pass,  with  a  slightly  reduced  deptli  removed  on  subsequent  passes.  On  the 
road  where  tandem  trains  are  programmed  for  two  passes,  the  equivalent  to  four 
passes  of  a  single  train,  it  is  reported  that  an  average  total  of  0.024  in  is  removed. 
The  above  record  encompasses  work  by  grinding  trains  of  the  same  contractor.  A 
road  with  system  owned  equipment  reports  the  amounts  removed  per  pass  have 
proven  to  be  slightly  less  than  those  outlined  above. 

Grinding  costs  as  reported  by  the  majority  of  roads  with  extensive  mileage 
ground  in  1965  were  within  the  range  of  $101  to  $128  per  pass  mile  with  contract 
equipment.  Two  major  roads  varied  from  this  cost  area,  reporting  costs  of  $150  to 
$160  per  pass  mile.  One  used  contract  and  die  other  system-owned  equipment. 
The  road  using  tandem  trains  reported  a  total  cost  of  $239  per  pass  mile,  which  is 
within  the  range  of  the  majority  ($120)  when  equated  to  a  per-train  basis.  These 
costs  reflect  grinding  train  and  work-train  expenses  and,  in  some  cases,  additionals 
such  as  fire  protection  patrols.  Variances  are  no  doubt  due  to  track  usage  and  non- 
productive traveling  distances  involved.  Costs  per  track  mile  are  more  variable, 
based  on  the  number  of  passes  made  on  particular  stretches  which,  in  turn,  reflect 
the  scope  of  the  individual  program  of  each  system.  Assuming  that  a  sampling  of 
ten  roads  which  have  been  consistent  users  and  also  reflect  a  large  percentage  of 
the  mileage  groimd  in  1965,  would  represent  a  composite  or  average  program,  a 
median  very  close  to  two  passes  is  obtained.  Applying  this  factor  to  the  pass  mile 
cost,  it  is  estimated  that  $200  to  $260  per  track  mile  is  expended  in  progressing 
a  balanced  program.  Again,  the  more  notable  exceptions  are  tvvo  roads  reporting 
a  track-mile  cost  of  $320  and  $468,  respectively.  The  latter  cost  is  explained  by 
this  road's  general  program  basis  of  tvvo  passes  with  tandem  trains. 
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The  greatest  area  of  agreement  was  achieved  from  a  question  regarding  desig- 
nation of  the  jointed-rail  maintenance  operation  as  the  one  which,  when  supple- 
mented or  substituted  by  rail  grinding,  offers  the  best  return  on  this  investment. 
"In  place  of  or  deferral  of  rail-end  welding"  was  the  nearly  unanimous  reply. 
Accord  was  not  so  definite  regarding  other  operations,  which  appear  to  rank  in 
order  as  follows: 

Reduction  of  weld  length  before  rail-end  welding. 
Reduction  of  grinding  after  rail-end  welding. 
Deferral  of  smoothing  or  raising. 

The  questionnaire  further  requested  rail-grinding  test  results  in  any  instances 
where  such  tests  had  been  undertaken  by  individual  roads.  The  return  of  such  data, 
particularly  that  which  was  specific  to  costs  in  relation  to  other  maintenance  work, 
was  very  limited.  Most  of  the  data  reported  was  applicable  to  savings  made  in  rail- 
end  welding  based  on  a  9-  to  10-year  cycle.  This  correlates  somewhat  to  the  "maxi- 
mum investment  return"  question.  The  total  cost  of  this  item  in  the  case  of  two 
roads  with  substantial  grinding  mileage  was  $65-$70  per  mile  per  year  while  the 
cost  of  grinding  on  the  same  basis  was  in  the  $18-$20  range.  Cost  of  rail  welding 
after  grinding  was  $5  per  mile  per  year  which  would  represent  the  repair  of  only 
an  isolated  chipped  or  battered  joint.  On  this  basis,  a  minimum  annual  savings  of 
$40  per  mile  per  year  was  realized.  Although  not  broken  down  further  by  the 
reporting  roads,  other  available  data  designates  the  labor  portion  of  rail-end  welding 
to  be  approximately  70  percent  of  the  total.  In  these  cases,  a  minimum  labor  sav- 
ings of  $28  per  mile  per  year  was  derived  through  grinding  rail  in  lieu  of  conven- 
tional out-of-face  welding. 

Submitted  test  cost  data  also  included  savings  through  grinding  by  deferral  of 
other  maintenance  items.  An  11-mile  stretch  carrying  6  million  gross  tons  of  traffic 
yearly  which  was  ground  showed  a  reduced  raising  and  smoothing  frequency  with 
resultant  labor  savings  of  $100  per  mile  per  year.  Additionally,  another  road 
reported  cost  data  kept  on  a  54-mile  stretch  which  showed  that  a  savings  of  $220 
per  mUe  per  year  (both  labor  and  material)  was  realized  through  being  able  to 
extend  the  raising  cycle  from  two  to  three  years.  In  this  case,  rail  age  was  one  to 
12  years,  traffic  (passenger  and  freight)  averaged  20  million  gross  tons  per  year 
and  track  was  primarily  programmed  for  grinding  to  reduce  batter  and  eliminate 
engine  bums.  On  the  negative  side  of  the  cost  picture  was  the  report  of  a  road, 
using  its  own  equipment,  which  conducted  a  test  whereby  grinding  was  done  prior 
to  rail-end  welding  in  order  to  reduce  the  length  and  batter  of  welds.  This  was 
accomphshed,  and  the  welding  cost  was  reduced  approximately  10  percent  per  joint 
per  pass  on  one-  and  two-pass  sections  which  were  evaluated  against  a  non-ground 
section,  all  sections  possessing  similar  track  conditions.  However,  the  grinding  cost 
overcame  this  weld  cost  reduction,  and  no  savings  could  be  realized  after  costs 
were  totaled  for  the  ground  sections.  Approximately  0:005  in  of  material  per  pass 
was  removed  from  the  rail  with  an  average  joint  batter  of  from  0.020  to  0.040  in. 

In  keeping  with  the  basic  assignment,  it  was  the  attempt  of  this  subcommittee 
to  set  forth  several  of  the  common  conditions  that  detract  from  rail  life,  to  pinpoint 
those  that  are  deterred  or  minimized  by  rail  grinding  and,  hopefully,  to  develop 
the  specific  labor  economies  in  track  maintenance  that  could  be  realized.  An  analysis 
of  the  tangible  evidence  presented  thus  far  finds  the  savings  somewhat  minimal  but 
supported  in  fact  by  the  large  road  which,  as  an  extensive  user  of  rail  grinding. 
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states  it  has  eliminated  all  out-of-face  welding  gangs  since  instituting  a  consistent 
program.  This  statement  was  reiterated  by  a  smaller  road.  And  the  road  that  derived 
the  $40  per  mile  per  year  savings  specifically  stated  that  grinding  is  "less  expensive 
and  less  trouble"  than  welding. 

Nluch  of  the  intangible  evidence  submitted  in  favor  of  grinding  is  predominated 
by  statements  in  regard  to  its  extending  rail  life,  and  presumably  this  premise  has 
been  used  as  a  broad  base  for  the  past  expenditures  of  maintenance  funds  for  rail 
grinding.  In  behalf  of  this  premise,  one  road  stated  that  it  is  realizing  an  additional 
five  years  in  rail  life  before  changing  is  required.  Tliis  position,  if  substantiated 
and  reconciled  to  expenditures,  would  undoubtedly  produce  tangible  savings  in  sev- 
eral maintenance  items,  including  a  reduction  in  purchases  of  rail  and  other  track 
material,  and  in  laying  and  cropping  costs.  The  belief  that  the  life  of  new  rail  can 
be  extended  is  supported  by  the  fact  that  a  number  of  roads  grind  this  kind  of  rail 
after  approximately  one  year's  service,  removal  of  mill  scale,  reduction  of  surface 
imperfections  and  maintaining  head  contour  being  contributing  factors. 

It  is  our  conclusions  that  additional  specific  data  would  have  to  be  acquired 
before  the  basic  assignment  of  this  subcommittee  could  be  adequately  satisfied. 
However,  in  view  of  the  weight  of  the  favorable  evidence  toward  reahzation  of 
labor  economies  which  have  been  set  forth,  it  would  appear  that  interest  would  be 
stimulated  sufficiently  for  those  roads  not  grinding  on  a  consistent  or  broad  scale  to 
specifically  determine  whether  grinding  would  satisfy  the  needs  of  their  own  pro- 
gram and,  in  tiun,  result  in  economies.  This  added  information  might  also  relate 
a  rail  grinding  expenditure  to  its  proper  position  in  a  maintenance  budget  and 
accurately  determine  whether  or  not  it  is  a  totally  expendable  item  when  general 
economies  are  necessary,  as  it  presently  appears  to  be  on  several  roads. 


LEVELLING,  LINING,  TAMPING... 

In  ONE  OPERATION,  with  ONE  OPERATOR 


PROJECTOR 


.ELECTRONIC 
REFERENCE 


.  FEELER 
detects  position 
at  track  in  spiral 
or  curve  at  every 
tie  and  leeds 
inlormation  to 
"Auto-Control" 


\^A 


WORKING 
SHADOW  BOARD 
controls  lining  at 
point  where 
lilting,  levelling 
and  tamping^ 
Is  done. 


RECEIVER 
BUGGY 

"Auto-Control" 
continuously 
positions 
receivers 
electronically  to 
satisfy  ideal  curve 
requiren)ents  and 
establishes 
required  amount 
of  track 
cq/rection. 
wavmmmmmm 


The  Autojack  Electromatic 
with  Autoliner  leads  the  way 
through  these  advantages: 

#  Gives  the  highest  possible  degree  of  accuracy  by  electronic 
beams  projected  100  feet  in  advance  of  where  levelling, 
lining  and  tamping  are  taking  place. 

#  Automatic,  continuous  operation  for  both  tangent  and 
curve  track.* 

#  No  plotting  of  spirals  or  curves  required.  Machine  computes 
as  it  runs  for  the  best  transition. 

#  No  disturbing  or  humping  of  track  —  lining  takes  place 
simultaneously  with  lifting  and  tamping  ahead  of  tamping 
tools. 

#  With  the  Autoliner,  It  is  possible  to  make  a  minute  throw 
and  have  it  stay  there  because  tamping  is  done  in  correct 
alignment. 

•Model  ALT  for  Tangent  track  and  Model  ALC  for  Tangent 
and  Curve  Track,  both  available  as  attachments  for 
existing  AUTOJACK  ELECTROMATICS. 

TAMPER    INC. 

Head  Office  &  Plant— 2401  Ed- 
mund Rd.,  West  Columbia  (Colum- 
bia),   S.    C. 

29169    .   803/794-9160 
Plant  — 160    St.    Joseph    Blvd., 
Lachine   (Montreal),   Que.,   Canada 
.    514/637-5531 

Parts  Depot  —  2147  University 
Ave.,  St.  Paul,  Minn.  55115  • 
612/5055 

Information  on  the  Autoliner  and  Auto- 
jack Electromatic— or  other  track  main- 
tenance machines,  is  available  on 
request. 


NEW...Road-N-Rail 

Trailer 


i 


with  Hydraulic  Powered 

TILT-BED 


for  EASY  LOADING-UNLOADING 


Big60"x84"Deck 
Capacity  5,000  lbs 


A  rugged  trailer  designed  for  easy  handling  of  heavy  or 
unwieldy  loads.  Tilt-Bed  makes  it  easy  to  slide  loads  on  and 
off.  Winch  (optional)  lets  one  man  do  the  job.  Extendable 
tongue  lets  long  loads  overhang  front  and  back  and  makes 
trailer  easier  to  handle.  Optional  extras  include  box  sides  and 
ends,  manual  or  power  winch  and  others. 


(m 


For  complete  details  and  specifications  write,  wire  or  call: 


WOOLERY  MACHINE  CO. 

^*«— i^^       2919  Como  Avenue  S.E.,  Minneapolis,  Minnesota  55414,  Phone  (612)  331-2552 
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vJv  WOODINGS-VERONA  TOOL  WORKS 

^^^  Pioneer  Manuiacturers 

oi 
HIGH  GRADE  TRACK  TOOLS 

and 

SPRING  WASHERS  FOR  TRACK 
Since  1873 


VERONA,  PA. 


CHICAGO.  ILL. 


w 

WOODINGS  FORGE  &  TOOL  COMPANY 

Makers 

oi 

WOODINGS  RAIL  ANCHORS 

VERONA,  PA. 

CHICAGO,  nj.. 

I^XfSHAW  Trackwork  Machines 


Weed  And  Brush  Cutter  (Track  Patrol) 

Designed,  Tested,  and  Proven 

on  America's  Railroads 

Kershaw 


MANUFACTURING  CO.  'K 


MONTGOMERY 


w 


ALABAMA 


^  Trackwork  Equipment  Developed  and  Proven  On  the  Job 

Heavy  Duty  Ballast  Regulator,  Scarifier  and  Plow,  Standard  Ballast  Regulator,  Sacrifier  and  Plow, 
Track  Broom,  Super  Jack-All,  Standard  Jack-All  Kershaw  Kribber,  Two-Wheel  Kribber,  Tie  Bed  Sacrifier 
Tie  Inseter,  Track  UndercutterSkeletonizer,  Ballast  Cleaner,  Crib-Adze,  Mocar  Crane,  Track  Crane  and 
Tie  Inserter,  Utility  Derrick,  Two-Ton  Rail  Derrick,  Tie  Replacer,  Dual  Tie  Saw,  Track  Liner,  Snow 
Switch  Cleaner,  Weed  and  Brush  Cutter  (Track  Patrol). 
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p.    &    M.    PRODUCTS 

•  IMPROVED    FAIR    Rail  Anch 

•  XL-1  FAIR  Rail  Anchors 

•  FAIR-FLEX  Concrete  Tie  Fastene 

RAIL  JOINT   PRODUCTS 

•  Rajo  Joints 

•  Rajo  Insulated  Joints 

•  Rajo  Connpromise  Joints 

•  Rajo  Fibre  Insulation 


MAINTENANCE    EQUIPMENT    PRODUCTS 


■Id  Flange  Lubricate 


PEERLESS    EQUIPMENT   PRODUCTS 


•   Draft  Gears 


IN    CANADA; 

The  P.  &   M.   Company  Limiled 


1799AB 


PRODUCTS  OP  PROGRESS 


POOR   &   COMPANY 

Railway  Products  Division,  80  E.  Jackson  Blvd.,  Chicago,   III. 
90  West  Street,   New  Yorl<,   N.  Y.   10006 


Superficially,  the  new  Racor® 
Tie  Pad  looks  like  any  other  tie 
pad.  But  that's  where  the  resem- 
blance ends. 

The  new  Racor  Tie  Pad  has  a 
special  coating  developed  by  the 
Abex  Research  Lab  in  Mahwah, 
New  Jersey.  This  new  asphalt 
coating  enables  the  tie  pad  to 
bond  itself  tighter  to  the  tie.  Seal 
out  water,  dirt  and  sand. 

Extensive  laboratory  and 
A.A.R.  tests  have  proved  that  the 


new  Racor  Tie  Pads 
will  protect  ties  from 
mechanical  wear  at  a  rea- 
sonable cost.  Even  under  heavy 
traffic  for  prolonged  periods  of 
time! 
Ask  your  Abex  representative 
'  to  show  you  how  the  new  Racor 
Tie  Pads  can  ease  maintenance 
costs  and  add  years  more  to  tie 


i4)ex 


CORPORATION 

T^jT   Railroad  Products  Division   530  FIFTH  AVE,.NY.10036 


The  new  Rao^Tie  Pad  with  a 
special^  f ormumted  coating 
that  provides  tighter,  tougher 
seals. 


# 


Assure  lower  maintenance  costs, 
better  performance  with... 


••r-^wspB!  jyw"  :^ 


TEXACO 

Petroleum  Products  and 
Systematic  Engineering 
Service 


u 
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TEXACO  INC. 

RAILWAY  SALES  DIVISION 

135  East  42nd  St.,  New  York  17,  N.  Y. 
NEW  YORK  .  CHICAGO  •  SAN  FRANCISCO  •  ST.  LOUIS  •  ST.  PAUL  •  ATLANTA 


How  many  miles  of  RAIL  ANCHORS 
do  you  have  to  reset? 


Unless  you  already  have  an  effective  anchor 
tightening  program,  chances  are  many  rail 
anchors  installed  on  your  line  two  or  more 
years  ago  have  pulled  away  from  the  ties.  It's 
easy  to  see  that  these  loose  anchors  are  not 
doing  the  job  for  which  they  were  intended, 
and  might  just  as  well  not  be  there. 

Tightening  anchors  by  hand  is  impractical.  Even 
if  you  could  afford  enough  manpower,  driving 
anchors  longitudinally  with  a  maul  reduces 


their  holding  power.  And  of  course  replacing 
all  loose  anchors  is  far  too  expensive. 
The  only  practical  —  and  economical  —  answer 
is  a  Racine  Anchor-Tight.  One  machine  can 
reset  up  to  IVa  miles  of  anchors  100%  tight 
against  the  ties  in  a  single  day. 

To  get  full  efficiency  from  your  rail  anchors, 
and  reduce  track  lining  and  resurfacing,  put 
Racine  Anchor-Tight  to  work  now.  Call  your 
Racine  Distributor  or  write  for  details.  ^,.:^ 


RACINE  HYDRAULICS  &  MACHINERY,  INC. 

^;y/^tH^|^  MACHINERY  DIVISION        •        RACINE,  WISCONSIN  53404 
Racine  has  the  tool  for  the  job  .,^^^1^^^ 

ANCHOR-FAST   •   ANCHOR-TIGHT   •   RAIL  SAW  •   RAIL   DRILL  •   KROP-MASTER    •    OIL   PRESSOR    •    UNIT  TAMPER    •    TRACK   GAUGER 


THE  DOUBLE  U  RAIL  ANCHOR 

ACHUFF  RAILWAY  SUPPLY  CO. 
ST.  LOUIS,  MO. 


i 


means 


DAMAGE 


Refrigerator  car  brine 
drippage  and  coastal 
salt  water  can  cause  cor- 
rosion and  damage  to  rails, 
splice  bars  and  rail  joints. 

Brooks  coatings  have 
proven  to  be  superior 
in  the  protection  of  rail- 
road equipment  subjected 
to  severe  conditions.  These 
products  have  a  low  cold  test 
for  application  by  spray, 
pour  or  brush. 

Brooks  coatings  are  used 

to   protect   railroad   bridge 

and  trestle  members  as  well 

as  structural  and  steel  tanks. 


Brooks   petroleum   base 

products,    black   in   color,   are 

compounded  to  resist  and  retard 

corrosion  to   metal   surfaces.    Four 

different  coatings  are  available 

and  require  a  minimum  of  surface 

preparation  for  application. 


The  BROOKS  OIL  Company 

Established  1876 

G«nerol  offices  and  U.S.  plant.    3304  East  87th  Street*  Cleveland  27    Ohio 


p 

Hubbard  Super  Service  Alloy  Spring  Washers 

Hubbard  Super  Steel  Alloy  Spring  Washers 

Hubbard  Track  Tools 

Hubbard  Tool  Division 

UNIT  RAIL  ANCHOR  CORPORATION 

New  York  Pittsburgh  Chicago 

W.      Unit  Rail  Anchor       w^ 

UNIT  RAIL  ANCHOR  DIVISION 

UNIT  RAIL  ANCHOR  CORPORATION 
NEW  YORK  PITTSBURGH  CHICAGO 


ROOTS  AND  LOADS  TIES 


LAYING  WELDED  RAIL 


MODEL  441 

Developed  and  Built 
for  Railroad  Maintenance 

180°  BOOM  SWING 

dOiS  ALL  JOBS! 


12  fASJ  CHANGE  ATTACHMENTS 


Forks 

1'4   Co.  Yd.  Bucket 

Tote  Hook 

18'  Boom  Extension 

Fork  Tie  Baler 

Track  Cleaning   Bucket 


Back  Hoe 

Clamshell 

Back  Filler  Blade 

Pull   Drag   Bucket 

4  Cu.  Yd.  Snow  Bucket 

Pile  Hammer 


Optional  Attachment 
Flanged   Wheels,   Hydraulically  Controlled 


PETTIBONE  MULLIKEN  CORPORATION 


141    W.  JACKSON 


CHICAGO  4,  ILL 


9'  WIDE  TRACK   CLEANING   BUCKET* 


80  Years  of  Service 
to  fhe  Railroad  Industry 


NEW  and  RELAYING 

RAIL 

Switch  Material  ♦  Tools 
Track  Accessories 

PILING 

Rental  Steel-Sheet  Piling 
Pipe  Pile  •  H-Bearing  Pile 

PIPE 

Tested  and  Structural 

All  Sizes  1/8"  thru  48" 

Valves,  Fittings,  Flanges 

Immediate  delivery 

from  Foster's  nationwide 

warehouse  stocks. 


Spetialisfs  to  the  Railroads 


tLtawMsm^o. 


Pittsburgh 
Cleveland 
Los  Angeles 
San   Francisco 
Atlanta 


New  York 

Chicago 

Detroit 

Houston 

Orlando 


£-x-t-e-n-d  7-l-e  J!-i-^-eI 


4^oid  g. 
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USE  TIE  PLATE 
lOQK  SPIKES 


One-piece  Design 

LOCK  SPIKES  hold  tie  plates  firmly  in  place  on 
cross-ties  and  bridge  timbers. 

LOCK  SPIKES  are  quickly  and  easily  driven, 
or  removed,  ^^•ith  standard  track  tools. 

Driven  to  refusal,  the  spread  shank  is  com- 
pressed by  the  walls  of  the  hole.  Tie  plates  are  held 
against  horizontal  and  vertical  movement  under 
spring  pressure.  Play  between  the  spike  and  the 
hole  is  eliminated — abrasion  and  seating  of  tie 
plates  is  overcome. 

LOCK  SPIKES  hold  their  position  in  the  tie, 
and  redriving  to  tighten  the  plate  is  not  required. 
They  provide  a  quiet  and  strengthened  track. 

Annual  cost  of  ties  and  maintenance  expense  is 
reduced  by  extending  the  life  of  ties  and  holding 
gage.  Here  is  one  answer  to  conservation  of  ma- 
terials and  labor.  Write  for  free  folder. 

BERNUTH,  LEMBCKE   CO.,  INC. 

420  Lexington  Avenue,  New  York  17,  N.  Y. 


Actual 
Size 


What's  he  doing  1 

Drilling  one  of  12,000 
inspection  holes  in 
this  1300'  creosoted 
pine  trestle 


Why? 


to  locate  internal 
decay  and  evaluate 
remaining  timber 
strength. 

That's  what  we 
mean  by  inspection 
and  in-place  treatment 


OSMOSE  WOOD  PRESERVING  CO. 
OF  AMERICA,  INC. 

980  Ellicoit  St.,  Buffalo,  N  .  Y.  14209 


ECONOMICAL  TRACK  DRAINAGE 
...  \Qp£NO\  B^l'^st  Cleaning 
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little  or  poor  drainage  befjre  Baliji  Clein 


The  transformation  in 
drainage  conditions  shown 
in  these  photos  was 
accomplished  with  a 
SPENO  Ballast  Cleaning 
Machine . . .  Time  Tested 
—  and  Proved  — Year 
after  Year  on  the  railroads 
of  the  Nation. 

For  just  a  few  pennies 
per  track  foot  you  can 
have  good  track  drainage 
that  saves  maintenance 
dollars. 


One  of  the  SPENO  Ballast  Cleaning  machines. 


Write  or  telephone  for  a  Ballast 
Cleaning  program  for  your  railroad. 


COT 


FRANK  SPENO  RAILROAD  BALLAST  CLEANING  co.,  inc. 


Clark  St.,  East  Syracuse,  N.Y. 
Ph.  31 S  437  2547 


306  N.  Cayuga   St.,   Ithaca,  N.Y. 
Ph.  607  272  3313 


Canadian  Sales  Representative:  The  Holden  Co.  Limited,  614  SL  James  SL  W, 
Montreal  3,  Quebec,  Canada    Phone:  S14  8498131 


THE  TRASCO  CAR   RETARDER 

HUNDREDS  IN  SERVICE 
IN  CLASS  YARD  TRACK 


TRACK  SPECIALTIES  COMPANY 

P.O.   BOX  729  WESTPORT,   CONNECTICUT 
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Committee 


(E)  Member  Emeritus, 
t  Died  October  12,  1966. 

tt  Died  August  3,  1966. 

Those  whose  names  are  shown  in  boldface,  in  addition  to  the  chairman,  vice  chairman  and 
secretary,  are  the  subcommittee  chairmen,  and  those  designated  by  asterisks  constitute  the 
Engineering    Division,    .\.\R,    Committee    6. 

To  the  American  Raihcay  Engineering  Association: 
Your  committee  reports  on   the  following  subjects: 

1.  Revision  of  Manual. 
No  report. 

2.  Buildings,    loading    and    unloading    facilities,    paving,    lighting,    fencing 
and  other  facilities  for  automobile-handling  terminals. 

Final  report,  presented  as  information   V'-^"^  294 

3.  Buildings,   platforms,    ramps,   paving,    lighting   and   other   facilities   for 
piggyback  terminals. 

No  report. 

4.  Designing  railway  buildings  for  fixed   obsolescence. 

Final  report,  presented  as  information   page  298 

6.  Ceiling  systems  for  air  supply  and  sound  control. 
No  report. 

8.  Large,   combination  freight  and  passenger  stations. 

Final  report,  presented  as  information    page  302 

The  Committee  on  Buildings, 

J.  W.  Hayes,  Chairman 


AREA   Bulletin    604,   Januar>-    1967. 
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(1875=1966) 

It  is  with  deep  regret  that  Committee  6  reports  the  death  on  August  3,  1966, 
of  A.  T.  Hawk,  Member  Emeritus,  at  the  age  of  90.  Mr.  Hawk  was  architect  for 
the  Rock  Island  Railroad  for  43  years,  retiring  from  that  position  in  1946.  He  was 
elected  to  membership  in  the  AREA  on  March  10,  1911,  made  a  Life  Member  on 
January  2,  1946,  and  Member  Emeritus  of  Committee  6  on  April  1,  1954.  Mr. 
Hawk  gave  generously  of  his  time  and  talents  during  the  years  of  his  active  par- 
ticipation on  the  committee  and  kept  close  track  of  its  activities  during  his 
retirement. 


(To  correct  an  error  in  the  original  printing  of  Bulletin  604,  January  1967, 
paste  the  material  below  over  the  corresponding  material  on  page  294  of  that 
Bulletin. ) 

Report  on  Assignment  2 

Buildings,  Loading  and  Unloading  Facilities,  Paving,  Lighting, 
Fencing  and  Other  Facilities  for  Automobile- 
Handling  Terminals 

A.  F.  Langmeyer  (chairman,  subcommittee),  E.  P.  Bohn,  W.  L.  Burgess,  A.  W. 
Charvat,  O.  C.  Denz,  C.  S.  Graves,  A.  R.  Gualtieri,  W.  G.  Harding,  W.  R. 
Hyma,  W.  C.  Panarese,  H.  A.  Shannon,  L.  D.  Smith,  R.  C.  Smith,  S.  G. 
Urban. 

With  the  advent  of  trailer-on-flatcar  service,  more  commonly  referred  to  as 
piggyback,  a  new  concept  in  terminals  and  loading  and  unloading  facilities  was 
required.  It  was  necessary  to  provide  parking  space  for  the  inbound  and  outbound 
trailers.  A  common  factor  for  determining  required  parking  space  for  the  trailers  is 
125  percent  of  the  track  capacity  of  the  facility. 

A  circus-type  operation  is  most  commonly  used  for  loading  and  unloading 
trailers.  That  is,  a  ramp  constructed  at  car-Hoor  height  at  the  stub  end  of  the  TOFG 
track  is  used  to  perform  this  operation. 

The  current  concept  of  handling  the  shipment  of  automobiles  by  rail  was  an 
outgrowth  of  TOFG.  At  first,  the  automobiles  were  handled  in  the  same  manner 
as  TOFG  traffic.  Auto  transport  highway  trailers  were  loaded  on  standard  TOFG 
cars  and  transferred  over  the  road  to  TOFG  terminals.  This  method  of  handling 
autos,  however,  did  not  offer  much  promise  and  was  short-lived. 

Employing  their  ingenuity,  the  railroad  companies,  working  in  conjunction  with 
car  manufacturers,  developed  the  bi-level  and  tri-level  auto  tracks.  This  device 
revolutionized  the  shipping  of  automobiles  by  rail  and  recaptured  a  segment  of  the 
transportation  business   previously  lost  to  the  trucking  industry. 

The  tri-level  and  bi-level  racks  are  mounted  on  standard  TOFG  cars  varying 
in  length  from  85  to  89  ft.  The  tri-levels  are  used  to  handle  standard-size  or  com- 
pact autos  while  the  bi-levels  are  used  for  high  loads  such  as  panel  trucks  and 
truck  chassis.  A  tri-level  car  will  handle  12  to  15  standard-size  autos  or  15  compacts. 
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With  the  iiitioduttion  of  the  multi-le\el  ear  it  was  neeessar\'  to  develop  a 
maehine  eapal)le  of  loading  or  unloading  all  le\els.  There  are  numerous  proprietary 
machines  a\ailable  on  the  market.  These  machines  have  moveable  ramps  which  can 
be  adjusted  to  meet  all  levels  of  the  multi-level  cars.  They  range  from  simple 
stationary  models  to  fulK'  powered  models  capable  of  moving  laterally  on  trucks 
fitted  \\ith  double  flanged  wheels.  There  is  also  a  model  mounted  on  a  tiiick  chassis 
with  a  gasoline  engine  which  can  be  driven  around  the  >ard  and  positioned  at  the 
stub  end  of  any  track  to  unload  multi-level  ears. 

These  machines  range  in  price  from  approximateh'  S4()()()  to  $18,000.  They  are 
either  mounted  on  the  ground  and  used  to  unload  all  three  levels  or  are  designed 
to  be  placed  on  a  piggvback  ramp  and  used  to  unload  the  two  upper  levels  of  the 
tri-level  car,   the  lower  level  being  unloaded  o\er  the  piggyback  dock. 

There  appear  to  be  two  schools  of  thought  on  the  method  of  operating  an  auto- 
handling  tenuinal.  One  is  to  use  it  exclusiveh'  for  the  handling  of  automobiles. 
Under  this  theory,  a  loading-unloading  machine  mounted  on  the  ground,  capable 
of  unloading  all  three  levels,  is  used. 

A  more  versatile  type  of  facility  is  a  machine  mounted  on  a  piggyback  dock 
capable  of  loading  or  unloading  the  upper  two  levels  only.  This  type  of  facility 
lends  itself  to  auto  handling  as  well  as  piggyback  business.  An  economical,  util- 
itarian type  of  loading-unloading  machine  to  serve  this  facility  can  be  purchased 
for  approximateh-  34800.  While  it  is  not  a  powered  machine,  it  is  provided  with 
drive  shafts  fitted  with  couplings  to  \\'hich  a  power  wrench  can  be  attached  to 
move  the  machine  laterally  as  well  as  mo\e  the  ramps  up  and  down.  For  approxi- 
mately S2,000  more,  the  manufacturer  will  strengthen  the  machine  to  handle  a 
16,000-lb  truck  chassis  on  bi-level  cars. 

The  previously  described  facility  lends  itself  more  to  an  auto  manufacturer 
or  shipper  than  it  does  to  a  rail  terminal  whose  primary  function  is  transportation. 
^^'hile  the  argimient  may  be  presented  that  if  is  not  intended  to  handle  TOFC 
business  at  an  auto-handling  terminal,  experience  has  proven  that  it  eventually 
comes;  therefore,  it  is  more  economical  to  design  for  it  at  the  outset  than  to  add 
it  later. 

The  location  and  arrangement  of  the  auto  parking  lot  generally  is  dictated  by 
land  available  for  the  terminal.  The  most  desirable  location  for  the  parking  lot 
is  adjacent  to  the  tracks  serving  the  facility.  If  the  parking  lot  is  placed  adjacent 
to  the  serving  tracks,  more  than  four  rows  of  parking  should  be  avoided  if  possible. 
The  reason  for  tliese  two  recommendations  is  to  cut  down  the  distance  that  the 
dri\ers  must  walk  between  the  cars  and  the  parking  lot. 

If  the  terminal  is  designed  as  a  combination  facility,  care  should  be  taken  in 
locating  the  two  parking  lots  so  as  to  avoid  cross  traffic  l^etween  TOFC  trailers 
and  the  automobile  during  loading  or  unloading  operations.  Placing  of  parking  lots 
on  both  sides  of  the  serving  tracks  should  also  be  avoided,  as  this  will  limit,  or 
make  expensive,  the  adding  of  future  tracks  to  the  facility. 

In  determining  the  auto  parking  lot  capacity,  the  designer  must  reply  on  tlie 
auto  tnicking  people  who  will  operate  the  facility  to  give  him  this  information. 
The  layout  of  the  parking  lot  is  generally  a  compromise  determined  to  a  great 
extent  by  the  layout  of  the  land  and  to  a  lesser  extent  by  the  desires  of  the  auto 
trucking  people.  An  acceptable  parking  stall  size  is  9  ft  wide  by  19  ft  long.  In  no 
case  should  a  stall  be  less  than  8  ft  wide. 
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The  greatest  parking  lot  capacity  can  be  realized  by  placing  the  parking  stalls 
at  90°  to  the  parking  lot  driveways.  While  this  requires  a  greater  width  than  any 
other  arrangement,  it  permits  the  greatest  number  of  cars  to  be  parked  on  the 
available  land.  One  disadvantage  of  this  arrangement  is  that  the  stalls  are  the  most 
difficult  to  maneuver  in  and  out  of.  Driveways  for  this  arrangement  should  not  be 
less  than  24  ft  wide. 

Another  arrangement  is  to  place  the  stalls  at  an  angle  of  45°.  While  this 
requires  the  least  width  for  a  lot  it  also  requires  die  greatest  length.  Parking  stalls 
arranged  in  this  manner  are  the  easiest  to  maneuver  in  and  out  of.  Driveways  for 
this  arrangement  should  not  be  less  than  13  ft  wide. 

A  third  arrangement  is  placing  the  stalls  at  60°.  This  is  a  compromise  between 
the  90°  and  45°  arrangement.  It  possesses  the  advantages  and  disadvantages  of 
each,  but  to  a  lesser  degree.  Driveways  for  this  arrangement  should  not  be  less 
than   18  ft  wide. 

Parking  stalls  should  be  marked  on  the  pavement  with  traffic  paint.  Each  stall 
should  be  numbered  and  each  parking  row  lettered.  This  is  done  to  facilitate  locat- 
ing vehicles  in  the  parking  lot.  The  auto  trucking  people  must  know  where  each 
model  and  color  of  vehicle  is  located  so  that  orders  from  dealers  can  be  filled 
quickly  and  accurately. 

In  most  instances  it  is  necessary  to  install  a  fence  around  the  auto  parking  lot 
for  security  purposes.  The  most  common  type  of  fencing  used  is  of  the  chain-link 
variety,  6  ft  high.  Experience  has  shown  that  this  does  not  have  to  be  an  elaborate 
fence  of  9-gage  fabric,  using  concreted  line  posts  with  top  rail  and  barbed  wire 
topping. 

An  economical  yet  adequate  fence  can  be  constructed  of  11-gage  chain-link 
fabric,  using  8-ft  6-in  long  extra-heavy,  studded,  tee-section  fine  posts  driven  into 
the  ground.  While  this  type  of  fence  is  relatively  light,  its  mere  presence  seems  to 
discourage  would-be  auto  thiefs. 

Vehicle  gates  into  the  parking  area  should  not  be  less  than  12  ft  wide.  If  they 
are  to  be  used  for  two-way  traffic,  then  the  width  should  be  a  minimum  of  20  ft. 
In  addition  to  vehicle  gates,  personnel  gates  3  ft  wide  should  be  placed  at  various 
locations.  If  the  parking  lot  is  located  adjacent  to  the  serving  tracks,  then  personnel 
gates  should  be  placed  in  the  trackside  fence  a  maximum  distance  of  100  ft  apart. 
This  will  permit  the  drivers  to  walk  a  minimum  distance  between  the  parking  lot 
and  the  multi-level  cars. 

Providing  some  sort  of  paving  in  an  auto-handling  facility  is  a  must.  It  is  diffi- 
cult to  conceive  a  situation  where  the  cost  of  concrete  paving  can  be  justified.  On 
the  other  hand  something  more  than  just  a  crushed-stone  surface  is  required.  A 
paving  surface  constructed  of  bituminous  concrete  is  acceptable  and  economical. 
A  crushed-stone  base  course  should  be  provided.  A  rule  of  thumb  sometimes  fol- 
lowed is  that  areas  which  will  be  traversed  by  automobiles  should  have  a  6-in-tliick 
crushed-stone  base  topped  with  a  2-in-thick  hot-mix  bituminous  concrete  surface. 
Wherever  truck  traffic  will  occur,  the  crushed  stone  base  should  be  8  in  thick  and 
be  topped  with  a  3-in-thick  bituminous  concrete  surface. 

Adequate  drainage  should  be  provided  in  the  paved  area  as  well  as  the 
track  area. 

A  loading  dock  for  loading  automobiles  onto  highway  trailers  should  be  pro- 
vided, in  the  area  adjacent  to  the  auto  parking  lot.  The  dock  should  be  2  ft  8  in 
high   with   a   5-ft   level    section   at   the   top    and   a   25-ft-long   ramp.    There   should 
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be  a  clear  distance  of  between  100  to  140  ft  behind  tlie  ramp  so  as  to 
permit  fi\e  to  se\en  automobiles  to  line  up  behind  it.  This  number  of  \ehicles 
constitutes  a  full  load  for  a  hijiliway  trailer.  This  dock  simplifies  loadinji  the  autos 
onto  the  highway  trailer  and  the  clear  distance  behind  it  enables  the  truck  driver 
to  line  up  his  full  order  behind  his  rig  before  he  begins  loading. 

Adequate  flood  lighting  should  be  provided  for  the  parking  lot,  at  the  truck 
loading  dock  and  at  the  multi-level  unloading  ramp.  This  lighting  is  most  satisfac- 
torily provided  with  mercury-vapor  flood  lights  mounted  on  poles  approximately 
20  ft  above  tlie  pavement.  Track  lighting  should  be  provided  by  bi-level  light 
standards  spaced  45  ft  on  center  and  placed  between  alternate  pairs  of  tracks.  The 
lower-level  light  should  be  placed  8  ft  above  top  of  rail  and  the  upper  light  placed 
15  ft  above  top  of  rail.  One  weatherproof  outlet  should  be  placed  on  each  light 
standard  to  ser\e  an  electrically  operated  power  wrench.  Here  again  the  light  fix- 
tures should  be  mercury-vapor  flood  lights.  This  type  of  fixture  pro\ides  lighting 
of  sufficient  intensity'  for  the  men  to  see  to  release  the  tie-downs  on  the  automobiles, 
yet  it  is  not  blinding  to  the  drivers. 

Spacing  of  the  serving  tracks  should  be  alternately  13  ft  6  in  and  17  ft  on 
center.  The  17-ft  spacing  is  necessary  to  provide  8-ft  clearance  for  the  bet\\een- 
track  light  standards.  These  dimensions  may  have  to  be  altered  slightly  depending 
upon  the  lateral  clearance  laws  of  the  state  in  uhich  the  facility  is  located.  The 
length  and  number  of  serving  tracks  is  determined  by  the  available  land  and  the 
number  of  multi-level  cars  anticipated  to  be  delivered  to  the  facility  each  day.  It  is 
important  to  try  to  keep  the  number  of  switches  into  the  facility  each  day  at  a 
minimum. 

Track  lengths  capable  of  handling  more  than  ten  car  lengths  should  be  avoided 
if  possible.  A  more  desirable  length  is  tracks  having  a  capacity  of  seven  or  eight 
car  lengths.  If  the  tracks  are  too  long,  too  much  time  is  wasted  unloading  the  cars 
located   farthest  from   the   imloading  ramp. 

The  89-ft  cars  cannot  negotiate  a  cur\e  greater  than  14°;  therefore,  when  la\ - 
ing  out  an  auto-handling  facility,  track  curvatures  greater  than  this  must  be  avoided. 

It  is  desirable  to  install  a  medium-duty  bumping  post  at  the  stub  end  of  each 
serving  track.  This  lessens  the  possibility  of  damage  to  the  headwall  of  the 
unloading  ramp  and  also  assures  proper  head  spacing  of  the  rail  car  adjacent  to 
the  ramp. 

A  small  office  and  sometimes  a  garage  is  required  at  an  auto  handling  facility. 

The  size  of  the  office  will  depend  upon  the  requirements  of  the  auto  trucking 
people  who  will  use  it.  In  general,  it  should  contain  a  general  office,  a  small-storage 
room,  an  anteroom  with  pass-through  window  for  the  truck  drivers  and  toilet  facil- 
ities for  the  truck  drivers  and  office  personnel.  If  there  are  no  sanitary  sewers  avail- 
able in  the  area,  consideration  of  using  a  septic  system  or  an  incinerating  toilet 
should  be  given,  provided  local  authorities  will  permit  its  use.  If  an  incinerating 
toilet  is  used,  then  the  drainage  from  the  lavatory  can  be  discharged  into  a  dry\vell. 

The  primary-  function  of  a  garage,  when  required,  is  for  repairs  to  the  high- 
way transport  rigs  or  truck  tractors.  Stalls  should  be  at  least  32  ft  long  with  over- 
head doors  12  ft  wide  by  14  ft  high. 

Another  item  that  may  be  required  is  a  facility  for  washing  the  automobiles 
after  they  are  unloaded  from  the  cars. 

In  conclusion,  when  designing  an  auto-handling  facility,  provision  for  future 
expansion  to  that  facility  should  be  made,  because  once  such  a  facility  is  installed 
the  tendencv  is  for  it  to  grow. 
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Report   on   Assignment  4 
Designing  Railway  Buildings  for  Fixed  Obsolescence 

F.  D.  Day  (chairman,  subcommittee),  W.  F.  Armstrong,  C.  S.  Graves,  K.  E. 
HoRNUNG,  D.  F.  Logan,  W.  H.  Macauley,  Jr.,  W.  K.  McFarling,  G.  H. 
McMillan,  G.  A.  Morrison,  L.  S.  Newman,  C.  L.  Robinson,  R.  C.  Smith, 
W.  C.  Sturm,  R.  A.  Ullery. 

This  report  is  presented  as  information. 

With  the  rapid  change  in  transportation  patterns  throughout  the  United  States 
in  the  last  15  years,  many  changes  have  occurred  in  the  way  the  railroads  are 
handling  both  passenger  and  freight  traffic.  Many  of  the  buildings  that  were  ade- 
quate 50  years  ago  are  no  longer  in  the  proper  location,  of  the  proper  size  or  of 
the  proper  construction  to  handle  up-to-date  demands.  In  many  cases,  cen- 
trally located  freight  stations  are  no  longer  accessible  because  of  city  traffic  con- 
gestion. Freight  terminals  are  being  relocated  to  the  suburbs  or  reconstructed  in 
coniunction  with  entirely  new  yard  locations. 

Piggyback,  or  truck-train,  or  trailer-on-flatcar  loading  has  materially  changed 
the  outlook  for  handling  what  used  to  be  LCL  freight.  Large  piggyback  terminals 
have  required  office  buildings,  freight  transfer  platforms  and  many  special  applica- 
tions  of   buildings. 

The  resurgence  of  railroad  participation  in  open-rack  automobile-carrying 
traffic  has  brought  about  the  necessity  for  the  construction  of  many  large  automobile 
unloading  and  loading  facilities.  These  particular  facilities  also  require  generally 
small  office  buildings,  occasionally  maintenance  garage  facilities  for  handling  trail- 
ers   and,    in    some    cases,    larger   truck-garage    facilities   to   handle   trailer   overhauls. 

Passenger  business  is  rapidly  flying  away  in  most  portions  of  the  country, 
although  the  increasing  government  participation  in  the  Northeast  is  sure  to  revive 
modern  up-to-date  passenger  facilities  for  handling  what  is  essentially  commuter 
traffic,    even    though    commuter    traffic   may   extend    over   a    400'-mile-long   corridor. 

What  to  do  about  dwindling  passenger  traffic  where  Federal  regulations  com- 
pel the  railroads  to  continue  to  serve  passengers  is  usually  a  temporary  problem. 
The  problem  has  generally  been  handled  by  combining  the  remaining  passenger 
facilities  with  existing  freight  facilities  whereby  an  agent  can  primarily  handle  his 
heavy  freight  billing  and  on  the  side  take  care  of  passengers.  This  solution  has  even 
been  extended  to  some  of  our  larger  terminals  where  the  baggage  department  is 
now   handling   the   passenger   sales   and   reservations   as   well   as   handling  the   mail. 

All  in  all,  the  approach  to  the  construction  of  buildings  for  handling  the  various 
enumerations  listed  above  calls  for  a  somewhat  more  radical  approach  than  was 
occasioned  in  1900  to  1910  when  most  of  our  large  railroad  facilities  were  built  to 
last  forever.  What  we  need  nowadays  is  something  that  will  last  20  years  and  in 
some  cases  a  facility  for  which  we  cannot  foresee  more  than  a  5-year  life  span. 

How  shall  we  best  approach  this  problem?  Shall  we  construct  buildings  that 
we  know  from  experience  will  require  very  little  maintenance  for  the  first  5  to  8 
years,  but  thereafter  will  require  complete  rehabilitation  or  painting,  new  heating  or 
air-conditioning,  or  lighting  because  the  facility  in  the  first  instance  was  constructed 
of  very  light  or  flimsy  material  that  would  only  last  five  or  eight  years?  Should  we 
approach    the    problem    by    constructing    buildings    of    the    very   best   material,    but 
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make  them  largel\-  of  prctabricated  panels  that  ean  he  taken  apart  and  relocated 
for  another  use?  Shall  we  stick  strictly  to  metal  buildings  or  glass  and  metal  panel 
buildings,  or  shall  we  just  build  somediing  of  concrete  block  or  tile,  relatively 
cheap,  but  still  duralile  enough  to  require  very  small  maintenance  at  least  for  10 
to    15   years? 

All  these  questions  generally  come  down  to  who  is  going  to  guess  how  long 
the  building  will  be  used  for  the  purpose  for  which  it  is  first  constructed.  This 
premise  is  usually  pretty  hard  to  establish.  The  result  is  that  the  architect  or  build- 
ing engineer,  or  the  building  supervisor,  usually  has  to  use  his  own  judgment  and 
experience.  If  the  building  is  primarily  a  small  one  and  the  man  that  designs  the 
building  or  selects  the  building  is  also  going  to  have  to  maintain  the  building,  he 
will  try  to  get  a  material  that  will  be  economical  and  also  long  lasting  so  that  he 
does  not  have  to  spend  any  money  maintaining  the  structure.  On  the  other  hand, 
if  we  have  a  consulting  architect  design  the  building,  one  who  has  had  no  experi- 
ence in  maintaining  structures,  he  will  be  more  apt  to  come  up  with  something 
that  may  require  complete  overhauling  within  3  years  due  to  leaking  joints,  or  im- 
proper caulking,  or  faded  panels,  or  other  troubles  coming  from  using  unproved 
materials.  As  a  general  rule,  we  can  establish  the  fact  that  we  want  a  space,  first 
that  will  serve  perhaps  as  a  freight  loading  platform  or  large  office  building  and 
that  can  secondly  be  ultimately  converted  or  sold  to  a  different  industry,  which 
can  then  con\'ert  the  building  to  light  manufacturing  or  can  partition  it  for  office 
work.  This  requires  a  structure  to  have  a  minimum  of  columns  in  the  beginning, 
have  adequate  height  for  freight  doors,  that  it  be  adaptable  to  drop  ceiling  and 
fluorescent  lights  for  conversion  to  office  space  and  that,  in  this  day  and  age,  for 
most  sections  of  the  country,  that  it  be  air-conditioned  in  the  office  space  originally, 
or  at  least  easily  adapted  for  air-conditioning  after  it  is  abandoned  for  freight 
operation  and  converted  to  or  sold  for  another  type  of  use. 

Many  of  the  new  or  replacement  freight-passenger  stations  are  now  being  built 
with  this  idea  fully  in  mind.  They  are  primarily  designed  to  take  care  of  somebody 
else  after  the  railroad  no  longer  needs  them.  If  this  objective  is  kept  in  mind,  the 
value  of  the  building  will  not  decrease  when  the  railroad  finally  relinquishes  it — 
perhaps  it  w-ill  even  increase  in  value,  particularly  if  it  is  convertible.  P'or  example, 
a  recently  constructed  office  for  a  small  railroad  superintendent's  headquarters,  was 
laid  out  with  entirely  movable  partitions  inside  a  concrete  block  shell.  This  building 
was  completely  air-conditioned  with  drop  ceiling,  fluorescent  lights,  vinyl  tile  floor, 
aluminum  windows  and  doors.  When  this  small  railroad  is  absorbed  in  one  of  the 
mergers  that  are  occurring  frequently  throughout  the  country,  the  office  building 
can  be  sold  to  a  small  insurance  company  or  a  local  real  estate  firm  which  would 
find  a  worthy  building  available  at  an  attractive  price.  Meanwhile  the  railroad  will 
have  occupied  it  for  5  or  6  years  and  not  depreciated  the  building  in  any  way. 

Obviously,  this  building  is  a  long-term  one  and  requires  substantial  materials. 
The  obsolescence  involved  is  not  the  wearing  out  of  tlie  building,  but  merely  the 
rapid  changing  in  the  use  requirement  for  the  building — true  obsolescence  rather 
than  simple  deterioration. 

As  mentioned  above,  some  buildings  are  being  erected  with  the  idea  in  mind  that 
they  can  be  taken  down  and  put  up  some  place  else.  This  is  not  as  easy  as  it  sounds. 
Most  buildings,  except  in  the  milder  parts  of  the  country,  recjuire  rather  extensive 
insulation  to  keep  the  heat  bill  down  in  the  winter  and  keep  the  hot  air  away  in 
the  summer.   Many  of   tlie   prefabricated  buildings  have  to   be  insulated  after  they 
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are  erected,  although  some  of  the  newer  models  come  with  built-in  insulation.  In 
any  event,  when  it  comes  to  taking  the  building  apart,  much  of  the  insulation  is 
destroyed.  In  fact,  a  metal  building  itself  ma\'  be  torn,  bent  or  ripped,  unless 
extensive  care  is  taken  while  dismantling  the  building.  Another  serious  factor  is  that 
some  of  the  metal  liuildings,  after  they  have  been  taken  apart  _and  shipped  to 
another  location,  need  to  be  enlarged.  Unfortunately,  some  of  the  metal  building 
manufacturers  have  meanwhile  changed  their  panel  designs,  and  it  is  impossible  to 
obtain  the  same  type  metal  panels  to  extend  the  building.  This  results  in  a  hybrid 
design   and   gives   a   rather  poor   appearance. 

With  the  advent  of  the  sandwich  panel,  greatly  increased  use  of  fiber  glass, 
plastic-coated  metals,  baked  enamel  on  metal  and  even  baked  enamel  on  wood 
has  been  in  evidence.  All  these  materials  are  easily  adaptable  to  warm-climate 
construction,  and  with  proper  care  and  caulking,  can  be  used  in  colder  climates. 
None  of  them  are  what  would  be  called  lOO'-year  material.  In  most  cases  tlie  caulk- 
ing dries  out,  and  the  windows  require  considerable  maintenance  after  a  few  years. 
Many  of  the  so-called  permanent  colors  fade.  Generally,  this  construction,  at  least 
for  small  buildings,  is  limited  to  about  a  15-  to  20-year  life.  Where  the  archi- 
tect or  designer  can  see  that  the  building  is  surely  going  to  be  used  for  a  limited 
15-year  period,  then  the  selection  of  this  material  is  an  excellent  choice. 

Aluminum  is  becoming  much  more  readily  available  and  more  economical  than 
in  the  past.  This  material  requires  very  little  maintenance,  but  in  most  cases  is 
much  thinner  than  comparable  steel  members.  However,  despite  the  ease  with 
which  aluminum  buildings  are  dented,  they  serve  as  a  very  useful  temporary  struc- 
ture in  many  yards,   such  as  piggyback  terminals  and  automobile  unloading  areas. 

The  future  of  the  piggyback  and  automobile  unloading  terminals  is  uncertain 
even  though  this  traffic  at  present  is  profitable  and  continuously  expanding.  There 
is  bound  to  come  a  time  when  the  freight  rates  will  shift,  the  interstate  highways 
will  be  completed,  and  truck  competition  may  again  close  in  on  the  business,  and 
some  of  the  large  piggyback  or  automobile  unloading  terminals  will  be  sold  to  truck 
operators.  Perhaps  the  truck  operators  may  even  be  railroad  subsidiaries,  if  the 
government  regulating  attitude  is  changed  and  through  truck  lines  are  generally 
approved.  In  any  event,  the  use  for  which  the  original  buildings  were  constructed 
in  these  terminals  will  probably  change.  In  fact,  most  of  the  buildings  will  be  in 
the  wrong  place,  or  will  be  rebuilt  or  expanded  for  other  use.  Buildings  such  as 
these  should  surely  be  designed  for  a  short  life,  say  10'  years,  and  also  for  minimum 
cost.   Here  the  obsolescence  is  again  due  to  rapid  change  in  traffic  patterns. 

In  the  commuter  world  of  this  country,  there  is  sure  to  be  a  complete  change 
from  the  old  down-town  commuter  station  with  its  big  waiting  room,  baggage  room, 
large  ticket  office  and  marble-tiled  rest  rooms.  The  new  commuting  facility  is  likely 
to  be  an  outlying,  small  waiting  room  facility  to  get  the  commuter  in  out  of  tlie 
weather  while  he  is  waiting  to  get  into  town.  The  outbound  facility  need  be 
nothing  more  than  a  shed.  The  biggest  thing  about  the  commuter  facility  is  going 
to  be  a  free  parking  lot.  Whether  the  railroads  involved  in  the  commuter  business 
like  it  or  not.  Federal  regulations  that  will  gradually  creep  into  the  commuter 
business  as  Federal  money  is  poured  into  the  commuter  operation,  will  eventually 
call  for  larger  and  cheaper  parking  lots  along  with  stations  to  be  constructed  close 
to  parkways  or  belt  road  systems.  Stations  of  this  nature  will  probably  last  at  least 
20  years.  Here  the  design  is  not  going  to  be  based  so  much  on  obsolescence  of  the 
building  itself,  but  eventually  of  the  parking  facility  and  whatever  small  buildings 
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are  required  to  handle  the  parking  operation.  Altliough  many  of  the  parking  faeil- 
ities  are  eomplcteK'  automatic,  \\ith  gates  and  cjuarters  to  get  in  and  out,  other 
places  require  an  attendant.  Here  a  complete  package  collection-booth  structure  can 
easily  be  made.  The  obsolescence  involved  in  this  particular  problem  is  one  of 
portability.  The  building  itself  may  continue  to  serve,  but  it  probably  will  be  in  the 
wrong  place  witliin  two  or  three  years.  Therefore,  it  is  worth  designing  into  the 
original  construction  some  method  of  shifting  the  building  about — either  heavy  roof 
rafters  or  imobtrusive  eye  bolts,  or  heavy  floor  joists  that  will  withstand  slings  or 
rollers  or  other  fastening.  Small  buildings  such  as  parking  booths  or  even  parking 
offices  should  be  made  so  they  can  lie  picked  up  by  a  crane  or  rolled  up  onto  a  low 
bed   truck. 

One  of  tile  annoxing  problems  to  tlie  railroads  is  how  to  economically  handle 
mail.  Because  the  majority  of  the  post  offices  are  located  in  the  down-town  areas, 
the  problem  of  handling  the  miul  sacks  has  gotten  out  of  hand.  Most  of  the  mail 
is  transferred  with  small  push-trucks  attached  to  a  tractor  unit  or  is  handled  by 
belts  to  a  truck  tail  gate,  or  is  handled  on  high,  hand-operated  trucks  that  can  be 
also  attached  to  a  tractor  unit.  Most  mail  facilities  are  totally  inadecjuate  for  the  ever- 
increasing  flow  of  mail  sacks.  Some  attempts  ha\e  been  made  to  automate  the  mail, 
but  the  basic  problem  is  only  recently  being  soKed  by  moving  the  mail  facility 
out  of  town.  Here  the  opportunity  for  designing  a  building  with  obsolescence  in 
mind  is  indeed  vast.  How  large  an  operation  will  the  mail  handling  become?  Will 
all  the  mail  within  60,  70  or  ICO  miles  be  brought  into  the  new  facility?  Will  trucks 
be  redesigned  to  handle  an  increasing  flow  of  mail,  or  \\'ill  they  be  sent  back  to 
small  individual  zone  offices?  Will  we  eventually  come  to  detachable  containers, 
standardized  throughout  the  country?  Will  the  sack,  the  sacred  mail  sack,  ever  be 
redesigned  as  a  tlirowawa>'  plastic  container?  How  should  we  design  new  mail  post 
office  facilities?  Should  we  provide  everything  to  be  handled  by  belts  or  o\erhead 
meat-hook  conveyors,  or  slots  in  the  floor  with  chains  to  pull  the  push  trucks? 
\\'ill  the  mail  terminal  be  served  completely  by  truck  and  then  the  trucks  taken  to 
a  different  location  for  loading  on  piggyback  trailers?  All  of  these  questions  deter- 
mine the  architect's  approach  to  the  new  building.  But  it  should  be  observed  just 
from  the  questions  raised  that  a  facility  of  this  type  must  keep  obsolescence 
in  mind. 

By  this  time,  it  must  be  rather  obvious  that  when  we  speak  of  obsolescence, 
we  do  not  mean  wearing  out  of  the  building,  but  rather  wearing  out  the  use  for 
which  the  building  was  designed.  Therefore,  we  come  back  to  the  original  problem 
— how  long  will  the  building  be  used?  Can  we  foresee  the  next  use  to  which  the 
building  will  be  put?  Can  we  make  a  shell  or  a  frame  or  a  shape  that  will  serve 
many  uses?  Can  we  provide  a  completely  or  nearly  free  interior  space  that  can  use 
movable  partitions  entirely?  Can  we  provide  ceiling  lights,  floor  and  partitioning 
in  building  block  or  modular  design?  If  we  are  going  to  construct  a  freight  terminal 
for  truciks,  can  it  be  used  to  house  a  retail  warehouse?  Can  it  be  used  and  easily 
converted  into  a  one-story  highway  department  office  building? 

If  you  can  answer  all  of  these  questions  easily  and  readily,  you  can  grasp  the 
problem   and  can   design  buildings  for  obsolescence. 
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Report  on   Assignment  8 
Large  Freight  and  Passenger  Stations 

D.  A.  Bessey  (chairman,  subcommittee),  F.  C.  Edmonds,  J.  D.  .Giallombardo, 
J.  W.  GwYN,  D.  K.  Hennessy,  W.  H.  Macauley,  L.  S.  Newman,  L.  ]. 
Nichols,  C.  L.  Robinson,  T.  H.  Seep,  J.  S.  Smith,  L.  D.  Smith,  W.  C. 
Panarese. 

This  report,  presented  as  information,  deals  with  modern-day  concepts  in  the 
design  and  construction  of  large  freight  and  passenger  stations  and  their  related 
facilities. 

Large  Freight  Stations 

There  are  many  concepts  of  design  and  general  layout  of  large  freight  stations 
used  for  railroad  purposes;  however,  all  such  stations  can  be  classified  into  two 
major  types:  one  general  tyi^e  which  consists  of  a  large,  single  structure  with  track- 
age on  one  side  and  truck  dock  on  the  other,  or  tracks  into  the  center  of  the  house 
with  truck  doors  on  both  sides.  This  type  of  freight  station  can  house  an  LCL 
operation,  a  freight  forwarder  or  a  combination  of  one  or  more  forwarders  within 
the  same  area,  utilizing  a  single  freight-handling  force.  Facilities  of  this  type  have 
been  constructed  that  are  from  250  to  300  ft  wide  and  600  to  1000  ft  in  length. 
Because  of  the  size  of  the  structure  and  the  carrying  out  of  many  operations  under 
one  roof,  this  type  of  installation  is  conducive  to  the  use  of  mechanical  conveyor 
equipment. 

The  second  major  type  of  freight  station  construction  consists  of  one  large 
structure  or  a  combination  of  structures  in  a  single  complex  serviced  by  a  common 
track  system.  The  structure  or  structures,  which  would  range  from  40  to  60  ft  in 
width,  should  be  designed  in  such  a  manner  that  various  areas  can  be  partitioned 
for  separate  occupancy  and  operation.  Railroad  LCL  operation  and  various  freight 
forwarders  would  occupy  self-contained  parcels  within  the  main  structure,  or  struc- 
tures, depending  on  the  amount  of  space  required  for  their  respective  operations. 
Because  of  the  relatively  smaller  areas  involved,  this  type  of  freight  station  would 
not  lend  itself  to  mechanical  conveyor  operation. 

The  elements  of  design  and  construction  would  be  similar  for  both  types  of 
units,  with  the  exception  of  the  mechanical  conveyor  system  and  the  size  and  shape 
of  the  structure.  All  types  of  basic  construction  can  be  considered;  however,  freight 
handling  areas  should  be  of  clear  span  and  free  of  columns.  The  office  and  welfare 
facilities  are  generally  located  at  one  or  both  ends  of  the  house;  however,  supple- 
mentary facilities  should  be  provided  where  the  structure  is  divided  into  separate 
parcels  or  where  the  structure  is   extremely  large. 

Track-side  and  truck-side  doors  should  be  approximately  10  by  10'  ft  in  size; 
however,  it  is  advisable  to  provide  special-size  doors  at  various  locations  for  special 
loadings  of  odd-size  merchandise.  These  special  door  sizes  could  vary  from  14  ft 
in  height  to  20  ft  wide,  depending  on  the  type  of  freight  to  be  handled.  There 
are  many  types  of  door  protection  canopies  or  curtains  available  to  protect  the 
handhng  of  merchandise  from  inclement  weather  and  are  primarily  used  in  the 
cold-climate  areas.  A  logical  bay  spacing  is  from  20  to  25  ft  to  allow  for  continu- 
ous truck  spots  from  10  to  12.6  ft  in  width.  Track  doors  should  be  spaced  approxi- 
mately 50  ft  on  center;  however,  a  review  should  be  made  of  the  cars  to  be  utilized 
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for  freight  handling,  as  the  trend  in  recent  years  of  utiHzing  longer  freight  cars 
may  require  additional  track  dcKirs  to  facilitate  these  longer  cars.  Where  trackage 
enters  the  freight  station,  some  consideration  should  be  gi\'en  to  the  location  of 
columns  adjacent  to  the  track  side  of   the  platform. 

^^'here  the  freight  station  is  to  he  divided  in  separate  parcels,  removable 
partitions  or  dividers  should  be  provided.  The  liasic  construction  of  the  building, 
such  as  the  location  of  structural  members,  doors  and  utilities,  should  be  designed 
to  pro\ide  flexibility  in   locating  such   dividers. 

General  illumination  should  be  provided  in  the  freight  liandling  areas  and 
should  be  of  sufficient  intensity  to  permit  carrying  out  the  modem  procedures  of 
coding  and  billing  of  merchandise.  Ample  circuits  should  be  provided  throughout 
the  house  to  provide  flexibility  for  future  divisions  of  the  freight  house  areas  for 
separate  tenants  or  to  maintain  lighting  in  certain  areas  for  night  operation.  In 
addition,  to  general  illumination,  outlets  should  be  provided  on  both  the  truck  and 
track  side  of  the  house  for  the  use  of  extension  cords.  There  are  also  manufactured 
devices  consisting  of  a  telescopic  mast  which  can  be  extended  into  trailers  and 
box  cars  for  illumination. 

Generally,  the  only  areas  requiring  heating  are  the  offices  and  welfare  facilities 
located  at  the  ends  of  the  building  or  at  various  points  throughout  the  building, 
and  warm  rooms  or  other  enclosures  for  storage  of  special  merchandise.  In  extremely 
eold  climates  or  if  the  merchandise  handled  is  of  such  matter  that  it  will  be 
damaged  by  freezing,  the  entire  warehouse  area  should  be  heated  to  protect  the 
merchandise  and  to  accommodate  the  personnel.  The  choice  of  different  building 
materials  and  insulation  would  have  to  be  considered  if  the  building  is  to  be  heated. 

The  entire  freight  station,  including  the  freight  handling  and  office  areas, 
should  be  equipped  with  a  complete  communication  system,  consisting  of  paging 
and  talkback  equipment.  Consideration  should  also  be  given  to  the  installation  of 
pneumatic  tube  systems  and  an  electronic  system  in  connection  with  computer 
operations. 

First-aid  fire-fighting  equipment  consisting  of  fire  extinguishers  and  hose  reels 
should  be  provided  throughout  the  facility.  A  general  sprinkler  system  installation 
should  be  provided  if  the  type  of  merchandise  contained  in  the  building  would 
warrant  the  installation  or  if  such  an  installation  is  required  by  local  building  regu- 
lations or  would  greatly  affect  insurance  costs.  Sprinkler  systems  in  unheated 
buildings   should  be  a  dry-type  system. 

There  are  many  types  of  mechanical  conveyor  systems  available;  however,  the 
floor-type  chain  conveyor  is  the  most  widely  used  today.  The  use  of  gasoline,  pro- 
pane or  electric  tractors  require  storage  and  servicing  facilities.  The  construction  of 
these  facilities  has  to  be  in  accordance  with  local  codes  governing  garages  and 
shop  areas.  If  inflammables  are  involved,  special  consideration  will  have  to  be 
given  to  fuel  storage.  Battery  charging  outlets  will  have  to  be  provided  for  recharg- 
ing mobile  electric  units.  Ramps  should  be  provided  at  the  ends  of  the  building 
or  on  the  truck  side  if  fork-lift  trucks  or  other  heavy  freight-handling  equipment 
is  used.  In  some  cases  the  fork-lift  trucks  or  tractor  servicing  facilities  may  be 
isolated  from  the  freight  house  and  the  ramps  will  be  necessary  to  move  the 
equipment  from  the  grade   level  to   the  raised  freight  platform. 

The  general  freight  station  area  will  have  to  be  of  sufficient  size  to  provide 
parking  facilities  for  employees  as  well  as  tractors  and  trailers.  The  back-up  space 
required  at  the  truck  side  of  the  freight  station  should  be  at  least  100  ft  deep  to 
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provide  sufficient  maneuvering  room  and  allow  for  passing  traffic.  It  may  be  neces- 
sary to  provide  additional  space  for  truck  fueling  and  servicing  facilities  adjacent 
to  the  freight  station.  Truck  scales  can  be  installed  adjacent  to  the  maneuvering 
area  for  weighing  for   rate  purposes,  or  to  meet  highway  limits. 

The  traffic  pattern  around  the  freight  station  and  the  orientation  of  the  entire 
facility  should  be  well  planned  to  minimize  congestion  in  regard  to  the  facility 
itself,  as  well  as  the  adjoining  city  streets  and  highways.  Pole-mounted  and  building- 
mounted  light  fixtures  should  be  provided  for  general  illumination  in  the  areas 
adjacent  to  the  building,  the  maneuvering  area,  parking  areas  and  access  roadways. 
Sufficient  illumination  of  the  area  is  required  for  general  night  operation  and  for 
security  of  the  trailer  parking  areas. 

Large  Passenger  Terminals 

The  design  of  large  passenger  stations  and  related  faciUties  involves  variations 
depending  upon  climate,  the  railroad's  requirements  and  location  with  respect  to 
the  city  or  region  serviced.  In  addition,  a  "through  station"  would  involve  a  varia- 
tion in  design  compared  to  a  "dead-end  station"  where  all  trains  terminate. 

All  types  of  basic  construction  can  be  considered  for  tlie  station  building,  train- 
shed  areas  and  other  related  facilities.  In  the  planning  and  design  of  the  station 
buildings,  consideration  should  be  given  to  additional  space  for  restaurant  facilities, 
concessions  and  office  space  available  for  rental,  as  well  as  the  basic  facilities 
required  for  the  operation  of  the  passenger  station.  Welfare  facihties  should  be 
provided  for  train  crews  and  other  personnel  employed  in  the  passenger  terminal. 
The  design  of  the  passenger  areas  should  take  into  consideration  general  traffic  flow 
between  the  entrances  to  the  street,  trains,  waiting  room,  ticket  office,  baggage 
room  and  the  concession  area.  The  waiting-room  area  should  be  of  ample  size  to 
accommodate  an  estimated  average  number  of  patrons  and  should  not  necessarily 
be  designed  on  the  Christmas  or  other  holiday  traffic  requirements.  The  waiting- 
room  area  should  be  basically  uncluttered  and  rectangular  in  shape,  with  exits  to 
the  streets,  trains  and  concession  areas  feeding  off  from  tlie  waiting-room  area. 
The  ticket-sales  area  and  baggage  room  should  be  a  part  of  or  adjacent  to  the 
waiting-room  area,  but  should  not  project  into  the  traffic  flow  or  seating  area. 

Ample  toilet  facilities  should  be  provided  adjacent  to  the  waiting-room  area 
for  public  use  and  additional  facilities  should  be  provided  for  the  office  and 
welfare  areas. 

Although  many  materials  may  be  considered,  the  waiting  room,  corridors, 
lounges,  toilet  rooms  and  access  areas  to  trains  should  be  constructed  of  materials 
highly  resistant  to  damage  or  defacement.  Quarry  tile  or  terrazzo  floor  surfacing 
should  be  provided  in  all  the  public  areas.  Ceramic  tile  or  plastic-surfaced  materials 
should  be  considered  for  all  wall  surfaces  in  all  the  public  areas.  Acoustical  ceilings 
should  be  provided  to  help  reduce  the  noise  level. 

The  areas  containing  railroad  offices  or  leased  space  can  be  designed  to  meet 
railroad  or  tenant  requirements.  Consideration  should  be  given  to  the  use  of  move- 
able partitions  to  provide  for  flexibihty. 

In  the  design  of  the  ticket-counter  area,  plans  can  be  developed  based  on  the 
use  of  standard  cabinet  units  allowing  sufficient  space  for  ticket  stock  tariffs,  tele- 
phone and  other  communication  equipment.  The  baggage  check  and  baggage 
storage  areas  should  be  properly  oriented  to  the  ticket  area  for  the  convenience  of 
the  patrons,  and  to  facilitate  the  installation  of  luggage  conveyor  equipment. 
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The  areaways  leading  to  trains  shoulil  he  eciuipped  with  automatic  doors  for 
the  convenience  of  patrons  handhnu  luggage  and  suital)le  harriers  should  he  pro- 
vided to  control  the  flow  of  passengers. 

A  proper  \entilation  system  or  a  complete  winter  and  summer  air-conditioning 
installation  should  be  provided  throughout  the  public  areas,  restaurant,  other 
concession  areas,  and  the  office  areas. 

The  ingress  and  egress  areas  between  waiting  rooms  and  trains  would  vary 
depending  on  the  train  operation  at  the  passenger  station.  At  a  dead-end  station  or 
a  tenninal  point  the  passenger  flow  to  trains  would  be  parallel  to  tlie  trains.  The 
through  station  would  require  underground  tunnels  or  overhead  bridges  to  the 
various  tracks.  A  less  desirable  method  would  be  paved  track  area  whereby  pas- 
sengers would  have  to  cross  tracks.  In  the  design  of  tunnels  or  overhead  structures 
consideration  should  be  given  to  the  possible  use  of  baggage  carts.  If  there  are  any 
great  differences  in  elevation  between  waiting  room  and  track  area,  a  network  of 
stairs   and   escalators   should   be   pro\ided. 

Man>-  t\pes  of  construction  can  be  considered  for  a  shelter  or  train-shed  hous- 
ing o\er  the  train  area.  The  train  shed  should  be  of  sufficient  length  to  provide 
cover  for  average  train  lengths  for  protection  from  the  elements  of  passengers,  as 
well  as  mail  and  baggage.  The  need  may  exist  for  additional  parking  space  and  the 
train-shed  structure  could  be  designed  as  an  overhead  parking  plaza. 

The  passenger  station  complex  may  include  an  adjacent  coach-yard  facility  for 
storage  and  servicing  of  passenger  equipment.  In  addition  to  the  servicing  and 
standby  facilities  required  in  a  coach  yard,  it  may  be  necessary  to  provide  steam, 
air,  water  and  a-c  and  d-c  electrical  standby  outlets  adjacent  to  station  trackage 
to  facilitate  storing  of  equipment  in  the  station  area.  Further,  coach  watering 
hydrants  may  have  to  be  provided  for  passing  trains  as  well  as  watering  and  fueling 
facilities  for  diesel  locomotives. 

In  the  design  and  construction  of  the  train-shed  area  consideration  should  be 
given  to  providing  facilities  to  accommodate  new  concepts  in  passenger  operation, 
such  as  "take  your  car."  Service  should  require  access  roadways  and  service  ramps 
into  the  track  area. 

Speaker  systems  and  other  communication  installations  should  be  provided 
throughout  the  station  building  and  train-shed  areas,  both  for  directing  patrons  to 
and  from  trains  and  for  use  of  railroad  employees  responsible  for  the  operation  of 
tlie  passenger  facility.  Signaling  and  centralized  control  system  should  be  provided 
in  order  to  control  movements  of  trains  in  and  out  of  the  passenger  station. 

A  review  should  be  made  of  other  related  facilities,  such  as  mail  handling, 
.shop  areas  and  any  other  related  facilities  that  may  be  required.  Sufficient  areas 
should  be  provided  for  car-rental  agencies,  local  or  interstate  bus  terminal  and  other 
service  agencies. 

Not  only  is  it  necessary  to  provide  ample  parking  space  for  patrons,  railroad 
office  personnel  and  tenants,  but  sufficient  dri\eway  areas  should  be  provided 
adjacent  to  the  depot  for  patrons,  taxicabs  and  so  forth.  Pro\ision  should  be  made 
for  canopies  or  other  shelters  at  the  entrances  and  parking  areas.  The  design  of 
entrances  and  exits  to  the  area  should  be  planned  to  minimize  the  congestion  of 
pedestrians  and  automobile  traffic.  General  illumination  should  be  provided  in  the 
parking   and   driveway  areas. 
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Committee. 


Those  whose  names  are  shown  in  boldface,  in  addition  to  the  chairman  and  vice  chair- 
man, are  the  subcommittee  chairmen,  and  those  designated  by  asterisks  constitute  the  tngmeenng 
Division,    .\.\R,    Committee    30. 

To  tlie  American  Railway  Engineering  Association: 

Your  committee  reports  on  the  following  subjects: 

L   Steel,   collaborating  with  Gommittee   15. 

Progress  report  presented  as  information    page  308 

2.  Concrete,  collaborating  with  Gommittee  8. 

Progress  report  presented  as  information    page  308 

3.  Timber,   collaborating  with  Gommittee  7. 

No  progress  has  been  made  on  this  subject  because  funds  have  not 
been  made  available  to  permit  resumption  of  field  tests  to  determine 
the  magnitude  of  actual  stresses  in  the  principal  members  of  timber 
bridges  of  various  types. 

4.  Electronic  computers,  collaborating  with  Gommittees  15  and  16. 

Progress  report  presented  as   information    page  309 

The  Gommittee  on  Impact  and  Bridge  Stresses, 

N.  E.  Ekrem,  CJiairman. 
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308 Impact    and    Bridge    Stresses 

Report  on  Assignment   1 

Steel 

Collaborating   with    Committee    15 

D.  S.  Bechley  (chairman,  subcommittee),  L.  N.  Bigelow,  E.  S.  Birkenwald, 
W.  E.  DowLiNG,  A.  T.  Granger,  L.  R.  Kubacki,  K.  H.  Lenzen,  J.  F.  Marsh, 
James  Michalos,  W.  H.  Munse,  D.  W.  Musser,  A.  L.  Piepmeder,  M.  J. 
Plumb,  C.  A.  Roberts,  C.  R.  Sanders,  W.  W.  Sanders,  Jr.,  H.  Solarte, 
J.  E.  South,  F.  VV.  Thompson,  G.  S.  Vincent,  M.  E.  Weller. 

As  was  reported  last  year,  field  tests  were  conducted  late  in  1965  on  300-  and 
400-ft  steel  truss  spans  in  a  Southern  Pacific  Company  bridge  near  Del  Rio,  Tex. 
These  tests  were  run  both  for  the  purpose  of  deteniiining  the  impact  stresses  under 
the  passage  of  a  test  train  and  to  obtain  infonnation  on  the  frequency  of  occur- 
rence of  maximum  stresses  under  normal  railroad  operation.  A  preliminary  report 
on  this  test  has  been  completed  this  year  by  the  stafi^  of  the  AAR  Research  Center. 
This  report  is  now  being  reviewed  by  the  committee. 

As  a  continuation  of  the  steel  truss  program,  the  AAR  research  staff  made  field 
tests  this  year  on  a  200-ft  truss  span  in  a  Great  Northern  Railway  bridge  near 
Priest  River,  Idaho.  This  is  a  single-track  Warren-type  truss  erected  in  1953. 
Impacts  were  determined  under  a  test  train  consisting  of  loaded  100-ton-capacity 
grain  hoppers  operated  at  a  full  range  of  speeds  up  to  65  mph.  Frequency  of  occur- 
rence of  maximum  stresses  under  regular  train  operation  was  also  recorded  for  a 
period  of  one  week.  The  results  of  this  investigation  are  now  being  analyzed  by 
the  Research  Center  staff. 


Report  on   Assignment  2 

Concrete 
Collaborating  with   Committee   8 

J.  A.  Erskine  (chairman,  subcommittee),  C.  E.  Ekberg,  Jr.,  VV.  R.  Hyma,  G.  F. 
Leyh,  Z.  L.  Moh,  p.  L.  Montgomery,  N.  M.  Newmark,  E.  D.  Ripple,  M.  B. 
Scott,  R.  L.  Shipley,  J.  D.  Tapp,  Jr.,  C.  T.  Webster,  J.  R.  Williams. 

A  report  on  a  field  investigation  of  longitudinal  forces  in  bridge  structures 
conducted  by  the  AAR  research  staff  on  a  long  concrete  trestle  on  the  Santa  Fe 
Railway  at  Dallas,  Tex.,  was  reviewed  and  approved  by  the  committee.  This  report, 
which  was  pubhshed  in  AREA  Bulletin  601  (Sept.-Oct.  1966),  and  also  as  AAR 
Research  Department  Report  No.  ER-67,  includes  data  on  the  total  longitudinal 
forces  generated  by  traction  and  braking  of  the  test  train,  the  magnitude  and  dis- 
tribution of  resulting  forces  in  the  bridge  bents,  and  tlie  longitudinal  forces  in  the 
running  rails  at  the  ends  of  the  bridge.  The  report  also  includes  information  on  the 
distribution  of  live  load  to  the  four  box  beams  comprising  one  of  the  33-ft  pre- 
stressed  concrete  spans  of  the  bridge,  and  on  the  range  of  the  bending  stresses 
resulting  from  live  load  on  that  span. 
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There  was  published  in  Bulletin  597  (Jan.  1966)  a  summary  of  field  investiga- 
tions thus  far  completed  on  prestressed  concrete  bridges,  including  a  chart  which 
related  impact  effects  to  span  length.  As  shown  by  this  chart,  there  is  a  gap  in  tlie 
test  data  for  spans  in  the  range  of  42  to  70  ft  in  length.  Suitable  spans  within  this 
range,  and  particularly  in  the  neighborhood  of  50-  to  60-ft  span  lengths  are  being 
sought  for  future  testing. 

The  subcommittee  has  prepared  a  summar\  of  material  published  b)  the  AREA 
on  longitudinal  forces  in  bridge  structures.  This  has  been  discussed  by  the  com- 
mittee for  the  purpose  of  determining  what  additional  field  testing  may  be  necessary 
to  permit  the  preparation  of  a  final  report  on  this  subject. 


Report  on   Assignment   4 

Electronic   Computers 

Collaborating   with    Committees    15    and    16 

E.   R.   AxDRLiK   (chainnan,  subcommittee),   X.   E.   Ekrem,   R.  J.   Fisheh,  A.   D.   M. 
Lewis,  D.  F.  Lyons,  M.  Noyszewski,  E.  N.  Wilson. 

Forty-three  moment  and  shear  tables  for  railroad  cars  were  prepared  and  dis- 
tributed to  chief  engineers  of  Member  Roads  in  July.  This  represents  a  considerable 
increase  o\er  the  number  of  tables  prepared  in  any  one  year  in  the  past  and  was 
possible  due  to  the  new  Fortran  program  now  being  used.  The  committee  will 
continue  to  ha\e  tables  prepared   for  new  cars  as  the  need  arises. 

The  committee  has  also  been  making  a  study  to  decide  just  what  an  electronic 
computer  program  for  calculating  loads  in  members  of  truss  spans  subject  to  moving 
loads  should  include  to  be  of  maximum  \alue  to  Member  Roads. 


Report  of  Committee  8 — Masonry 


M.  R.  Williams, 

Chairman 
'R.  J.  Brueske, 

Vice  Chairman 
'W.  R.  Wilson 
'F.  A.  Kempe,  Jr. 
G.  W.  Cooke 
^E.  D.  Ripple 
°W".  P.  Hendrix 
E.  L.  Bangs 
E.  R.  Blewitt 
W.  E.  Br.\kensiek 


j.  W.  Briscoe 
H.  C.  Brown 
\.  D.  Bryant 
M.  J.  Crespo 

E.  J.   Daily 

M.  C.  Davidson 
M.  T.  Davisson 
I.  W.  DeValle 

J.    \\'.     DOLSON 

B.  M.  Dornblatt 

D.  H.   Do\vE 

F.  C.  Edmonds 
\\'.  J.  Eney 

J.  A.  Erskine 
T.  L.  Fuller 
R.    W.    GiLMORE    (E)t 

C.  \\'.  Hale 

R.  J.   Hallawell 
W.  A.  Hamilton,  Jr. 

G.  P.  Hayes,  Jr. 
H.  W.   Hopkins 
A.  K.  Howe 

J.    R.     IWINSKI 

T.  R.  Kealey 
R.  J.  Klueh 
R.  E.  Kuban 
A.  N.  Laird  (E) 
L.  L.\NGE,  Jr. 
G.  F.  Leyh 

E.  F.  Manley 


L.  M.  Morris   (  E ) 
David  Novick 

B.  J.  Ornburn 
R.  E.  Pearson 
J.  E.  Peterson 
Milton  Pikarsky 

F.  A.  Russ,  Jr. 

J.  H.  Sawyer,  Jr. 
M.  P.  Schindler 
H.  H.  Schmidt 
Everett  Scroggle 
j.  e.  scroggs 

G.  R.  Shay 
R.  K.  Shortt 
L.  F.   Spaine 

C.  H.  Splitstone  ( E ) 
\y.  J.  Sponseller 

S.  A.  Stutes 
Anton  Tedesko 
W.  C.  Teng 
M.  F.  Tigrak 
G.  R.  Vanderpool 

F.  H.  Vines 
J.  \y.  Weber 

J.  O.  Whitlock 
J.  M.  Williams 
S.  G.  Wintoniak 

G.  A.  Wolf 
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(E)  Member  Emeritus. 

t  Deceased. 

Those  whose  names  are  shown  in  boldface,  in  addition  to  the  chairman  and  vice  chairman, 
are  the  subcommittee  chairmen,  and  those  designated  by  asterisks  constitute  the  Engineering 
Division,    AAR,    Committee    8. 


To  the  American   Railway  Engineering  Association: 

Your  committee  reports  on  the  followinti  sul)jects: 

1.  Revision  of  Manual. 

Progress  report,   including  recommended  revisions    page  312 

2.  Design    of    masonry    structures,    collaborating    with    Committees    1,    5, 

6,  7,  15,  28  and  30. 

Progress   report,   including   recommended   additions   to   Manual    P^g^  313 

3.  Foundations  and  earth  pressures,   collaborating  with   Committees    1,  6, 

7,  1.5  and  30. 

Brief  progress  report,  submitted  as  information    page  313 

6.   Prestressed    concrete    for    railway    structures,    collaborating    with    CJoni- 
mittee  6. 

Part  1 — Manual  recommendations   page  314 

Part   2 — AAR   laboratory   report    on   investigation   of   prestressed    light- 
weight concrete  box  beams,  submitted  as  information    page  315 

311 
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7.   Quality  of   concrete   and  mortars,   collahoratinji  \\'ith  Committee  6. 
Progress    report,    including   revision    of   ASTM    specification    references 
submitted   for  adoption  in  Manual    page  336 

S.  Waterproofing    for    railway    structures,    collaborating    with    Committees 
6,  7  and  15. 

Progress  report,  including  recommended  revisions  to  Manual   page  337 

The  Committee  on  Masonry, 

J.  R.  Williams,  Chairman. 
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il^o6ert  IHillig  (Silmore 

(1893=1966) 

It  is  with  deep  sorrow  that  Committee  8  reports  that  Robert  Willis  Cilmore, 
retired  general  bridge  inspector,  Baltimore  &  Ohio  Railroad,  and  Member  Emeritus 
of  Committee  8,  died  on  September  24,   1966,  at  his  home  in  Terrace  Park,  Ohio. 

Mr.  Cilmore  was  born  on  June  30,  1893  at  Glendale,  Ohio.  He  received  his 
technical  education  in  civil  engineering  from  the  University  of  Cincinnati  and  upon 
graduation  joined  the  Baltimore  &  Ohio  Railroad's  engineering  department  where 
he  served  in  the  maintenance  of  way  department  until  his  retirement  in  1962. 
During  World  War  I  Mr.  Cilmore  served  as  an  aerial  observer  in  the  Army 
Air  Corps. 

He  joined  the  AREA  in  1925  and  became  a  member  of  Committee  8  in  1946, 
serving  as  chairman  of  the  Masonry  Repairs  and  Prestressed  Concrete  subcommit- 
tees. He  was  faithful  in  his  attendance  at  committee  meetings,  took  an  active  part 
in  the  deliberations  at  all  times  and  made  substantial  contributions  to  the  work  of 
the  committee. 

He  was  a  member  of  the  Clifton  Presbyterian  Church,  and  served  as  an  elder 
and  a  deacon.  He  was  also  a  member  of  the  Sigma  Chi  fraternity  and  the  Masons. 
He  is  survived  by  his  widow,  Marjorie  McNaughton  Cilmore,  a  son,  Robert  M.; 
and  four  grandchildren. 

Mr.  Cilmore  will  long  be  remembered  by  his  many  friends  and  associates  for 
his  loyalty,  friendliness  and  helpfulness. 


Report   on  Assignment   1 
Revision   of  Manual 

W.   R.   Wilson    (chairman,   subcommittee),  R.  J.   Brueske,  G.  W.   Cooke,   W.  P. 
Hendrix,  F.  a.  Kempe,  Jr.,  E.  D.  Ripple. 

Your   committee   recommends   the   adoption   of  the  revisions  to  the  Manual  set 
forth  in  Assignments  2,  6,  7,  and  8. 
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Report  on  Assignment   2 

Design  of  Masonry  Structures 

Collaborating  with   Committees    1,   5,  6,  7,   15,   28  and  30 

F.  A.  Kempe,  Jr.  (chairman,  subcommittee),  W.  E.  Brakensiek,  J.  W.  Briscoe, 
M.  J.  Crespo,  E.  J.  Daily,  A.  N.  Laird,  F.  A.  Russ,  Jr.,  J.  H.  Sawyer,  Jr., 
E.  ScROGGiE,  \V.  J.  Sponseller,  a.  Tedesko,  F.  H.  Vines,  J.  W.  Weber,  G.  A. 
Wolf. 

Your  committee  is  assembling  information  to  rewrite  Part  12,  Concrete  Poles, 
and  uill  continue  to  make  revisions  to  Part  2,  Plain  and  Reinforced  Concrete  Mem- 
bers. It  is  awaiting  a  report  from  the  laboratory  on  the  study  on  concrete  shear  keys. 


Your  committee  submits  for  adoption  the  following  recommendation  with 
respect  to  Part  2,  Chapter  8  of  the  Manual: 

Pages  8-2-1  to  8-2-27,  inch 

SPECIFICATIONS  FOR  DESIGN  OF  PLAIN  AND  REINFORCED 
CONCRETE  MEMBERS 

On  page  8-2-1  add  to  Sec.  A — General,  the  following  new  Art.  4: 
4.  Pier  Protection 

Piers  supporting  bridges  o\er  highways  or  railways  and  located  within  20  ft 
of  a  railroad  track  or  traveled  road  shall  be  of  heavy  construction  or  shall  be  pro- 
tected by  a  crash  wall  extending  to  6  ft  above  pavement  or  top  of  rail.  When  two 
or  more  light  columns  compose  a  pier,  a  wall  at  least  1  ft  thick  shall  connect  the 
columns,  \^'hen  pier  consists  of  a  single  column,  it  shall  be  protected  by  a  wall 
parallel  to  traffic.  The  wall  shall  be  at  least  1  ft  6  in  thick,  rest  upon  the  column 
footing  and  extend  for  a  distance  of  at  least  6  ft  from  both  sides  of  the  column. 
Walls  preferably  shall  be  flush  with  the  face  of  column  adjacent  to  traffic. 


Report   on   Assignment  3 

Foundations  and  Earth  Pressures 
Collaborating  with   Committees   1,   6,  7,   15  and  30 

G.  W.  Cooke  (chairman,  subcommittee),  M.  T.  Davisson,  B.  M.  Dornblatt, 
D.  H.  Dowe,  J.  A.  Erskine,  R.  J.  Hallawell,  T.  R.  Kealey,  E.  F.  Manley, 
D.  NoviCK,  B.  J.  Ornburn,  M.  Pocarsky,  G.  R.  Shay,  S.  A.  Stutes,  W.  C. 
Teng,  M.  p.  Schindler,  R.  J.  Wright. 

Your  committee  wishes  to  report  progress  on  its  following  assignments: 
(a)  specifications  for  embedment  of  poles,  (b)  specifications  for  sheet-pile  retain- 
ing walls,  and  ( c )  a  bilaliography  on  the  effect  of  earthquake  forces  on  pier 
foundations. 
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Report   on  Assignment  6 

Prestressed  Concrete  for  Railway  Structures 
Collaborating  with   Committee  6 

E.  D.  Ripple  (chairman,  subcommittee),  M.  C.  Davidson,  J.  W.  DeValle,  F.  C. 
Edmonds,  W.  J.  Eney,  T.  L.  Fuller,  R.  W.  Gilmore,  W.  A.  Hamilton,  Jr., 
G.  F.  Leyh,  J.  E.  Peterson,  J.  E.  Scroggs,  L.  F.  Spaine,  M.  F.  Tigrak, 
G.  R.  Vanderpool,  j.  O.  Whitlock,  W.  R.  Wilson. 

Your  committee  presents  its  report  on  Assignment  6  in  two  parts.  Part  1 — 
Manual  Recommendations,  covers  the  revisions  to  the  Specifications  for  Design, 
Materials  and  Construction  of  Prestressed  Concrete  Structures  presented  by  the 
committee  for  adoption.  Part  2  is  a  report  prepared  by  the  AAR  Research  Staff, 
entitled  "Laboratory  Investigation  of  Prestressed  Lightweight  Concrete  Box  Beams." 

Part   1 — Manual  Recommendations 

Your  committee  submits  for  adoption  the  following  recommendations  with 
respect  to  Part  17,  Chapter  8  of  the  Manual: 

Pages  8-17-1  to  8-17-24,  inch 

SPECIFICATIONS   FOR   DESIGN,   MATERIALS   AND   CONSTRUCTION 
OF   PRESTRESSED  CONCRETE   STRUCTURES 

Page   8-17-28,  Art.  7 — Keyways:   Change  to  read  as  follows: 

7.  Keyways 

The  box  beams  in  each  span  shall  be  bonded  together  with  a  sand-filled  epoxy 
resin  grout  of  an  approved  type.  The  following  is  a  suggested  resin  formula  that 
may  be  used: 

Wt.,  Vol., 

Founds  Gallons                         Material 

Resin    portion     100  10.31            Epi-Rez     509  or  equal 

Converter  portion    35  4.27           Epi-Cure  872  or  equal 

Filler   Variable,  see  below. 

The  sand  filler  shall  be  a  clean,  dry,  well  graded  masonry  sand.  The  amount 
of  sand  used  will  depend  on  the  gradation  of  the  sand  and  degree  of  workability 
desired.  Approximately  three  parts  of  sand  to  one  part  of  resin  by  volume  will 
generally  give  a  pourable  mix.  The  mixing  of  trial  batches  may  be  necessary  to 
determine  the  best  proportions. 

For  Bonding  Beams  Togeiher  After  Erection  on  the  Bridge  Seats: 

The  sides  of  the  beams  to  the  base  of  the  keyway  shall  first  be  primed  with 
a  brush  coating  of  the  above  formulation  without  the  sand  filler.  The  epoxy  resin- 
sand  grout  shall  be  poured  into  the  keyways  to  fill  to  the  top  of  the  beams  before 
the  prime  coat  has  hardened.  The  use  of  sponge-rubber  strips  or  other  suitable 
sealing  material  along  the  sides  of  the  beams  at  the  base  of  the  keyways  and  up 
the  ends  will  be  necessary  to  retain  the  grout  until  it  has  hardened. 
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FoK  Bonding   Beams  Together  Before  Erection  on  the  Briix;e   Seats: 


The  beams  may  be  bonded  together  in  pairs  or  as  a  complete  span,  but  the 
operation  shall  be  carried  out  with  the  beams  setting  on  rigid,  level  supports  at 
their  end  bearings  only. 

The  sides  of  the  beams  to  be  bonded  shall  first  be  primed  over  their  full  depth 
with  a  brush  coating  of  the  above  formulation  without  the  sand  filler.  The  grout 
shall  be  poured  into  the  keyways,  into  any  space  below  the  keyways,  and  to  fill 
to  the  top  of  the  beams.  The  use  of  sponge-rubber  strips  or  other  suitable  sealing 
material  along  the  sides  of  the  beams  near  the  bottom  edge  of  the  lieams  will  be 
necessary  to  retain  the  grout  until  it  has  hardened. 

If  necessary,  the  curing  time  of  the  epoxy  may  be  shortened  by  heating  the 
grout  witli  steam  tubes  or  electrical  resistance  cables  placed  in  the  keyways.  At 
temperatures  below  50  F  heating  of  the  keyways  will  be  necessary,  since  below  this 
temperature  the  epoxy  will  cure  \ery  slowly,  if  at  all. 


Your  committee  is  currently  working  on  the  design  of  a  prestressed  concrete 
tie  for  open-deck  steel  bridges.  Your  committee  also  is  developing  the  design  of 
prestre.ssed  concrete  box  beams  in  1-ft  increments  of  length  for  spans  from  30  ft 
to   approximately  45  ft   in   length. 

Part  2 — Laboratory  Investigation  of  Prestressed  Lightweight 
Concrete   Box  Beams 

A.  DIGEST 

This  report  contains  the  description  and  analysis  of  a  laboratory  investigation 
of  the  static,  repeated-loading  and  sustained-loading  behavior  of  full-size  prestressed 
concrete  bo.x  beams  cast  with  lightweight  aggregates.  Five  through-voided  box 
beams  were  used  in  this  investigation.  Except  for  the  strand  pattern,  the  details 
of  these  beams  are  similar  to  those  described  in  report  ER-53  which  utilized  regular 
mineral  aggregates.  For  these  lightweight  beams,  two  additional  strands  were  used 
to  provide  for  the  greater  expected  los.ses.  The  beams  were  designed  for  a  live  load 
of  E  72  plus  full  impact,  and  test  loads  were  applied  in  increments  of  this 
design  load. 

Static  Loading 

One  beam,  loaded  to  static  ultimate,  failed  by  concrete  compression  at  a  load 
3.1  times  design  load.  Concrete  strength  at  time  of  test  was  7,120  psi.  The  com- 
puted ultimate  moment  was  0.4  percent  less  than  the  test  moment. 

Repeated  Loading 

Three  beams  were  loaded  repetitively.  One  sustained  2,000,000  cycles  with 
a  load  range  of  1.2  to  2.1  design  load  without  failure.  Another  sustained  2,000,000 
cycles  of  a  load  range  of  0.9  to  2.1  design  load  without  failure.  The  third  beam 
was  loaded  at  a  range  of  1.7  to  2.3  design  load  and  failed  after  1,880,000  cycles 
by  strand  breakage. 

It  was  possible  to  predict  the  repeated-load  strength  at  1,()()0,()()0  cycles  for 
the  two  beams  that  did  not  fail,  but  not  for  the  one  that  did  fail.  Its  predicted 
life  was  less   than   1,000,000  cycles,   but  it  sustained   1,880,000  cycles. 
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Full  prestress  was  obtained  24  in  from  the  end  of  the  beam  as  indicated  by 
comparing  strain  gage  readings  before  and  after  detensioning. 

Sustained  Loading 

The  greatest  rate  of  change  in  concrete  strain  took  place  during  the  first  84 
days  from  detensioning.  After  about  450  days,  the  rate  of  change  was  small  and 
showed  a  tendency  to  level  off. 

One  beam  was  loaded  with  concrete  blocks  to  simulate  the  dead  load  of  track 
and  ballast.  The  rate  of  change  in  camber  followed  a  pattern  similar  to  the  concrete 
strains  and  after  about  450  days,  no  change  was  noted. 

B.  FOREWORD 

As  part  of  its  assignment  on  Prestressed  Concrete  for  Railway  Structures,  Com- 
mittee 8  sponsored  a  laboratory  investigation  of  full-size  box  beams  of  conventional 
design  (with  end  blocks  and  diaphragms)  and  of  through-voided  designs  (without 
end  blocks  and  diaphragms),  all  of  which  were  constructed  with  regular  mineral 
aggregate.  The  results  of  this  investigation  were  published  in  AAR  Engineering 
Research  Division  Report  ER-53,  February  1965.  Upon  the  completion  of  this 
investigation,  the  committee  recommended  the  inclusion  in  the  Manual  of  these 
two  types  of  beams  for  use  on  concrete  railway  trestles. 

Since  these  beams  might  also  be  cast  with  lightweight  aggregates,  a  laboratory 
investigation  was  conducted  to  demonstrate  tlie  behavior  of  through-voided  box 
beams  under  static,  repeated  and  sustained  loading.  Tlie  results  of  this  investigation 
comprise  this  report. 

This  investigation  was  conducted  cooperatively  with  the  Prestressed  Con- 
crete Institute,  The  Nebraska  Prestressed  Concrete  Company,  the  Carter-Waters 
Corporation,  the  Expanded  Shale,  Clay  and  Slate  Institute  and  the  AAR.  The  beams 
were  fabricated  by  the  Nebraska  Prestressed  Concrete  Company,  using  aggregates 
furnished  by  the  Carter-Waters  Corporation.  The  AAR  furnished  the  laboratory 
equipment  and  personnel  as  part  of  the  research  activities  of  the  AAR  Research 
Department,  of  which  W.  M.  Keller  is  vice  president  and  G.  M.  Magee  is  director 
of  engineering  research.  The  investigation  was  under  the  general  direction  of  F.  P. 
Drew,  research  engineer  structures,  assisted  by  D.  W.  Wilki,  assistant  research  engi- 
neer structures,  I.  A.  Eaton,  laboratory  engineer  and  C.  S.  Somogy,  assistant  struc- 
tural engineer.  This  report  was  written  by  Mr.   Drew. 

C.  TEST  SPECIMENS 

Five  through-voided  beams  were  cast  on  September  17,  1964,  and  their  details 
are  shown  on  Fig.  1.  Beam  LI,  28  ft  long,  was  used  for  the  sustained  load  test, 
beam  L2,  22  ft  long,  was  used  for  the  static  test  and  beams  L3,  L4  and  L5,  each 
19  ft  long,  were  for  the  repeated  load  tests. 

These  lightweight  beams  are  very  similar  to  the  regular-weight  beams 
described  in  ER-53  which  were  designed  by  C  F.  Leyh,  railway  representative, 
Portland  Cement  Association.  However,  it  was  necessary  to  revise  the  strand  pattern 
to  provide  for  the  greater  expected  losses,  and  D.  P.  Jenny,  chief  engineer.  Ex- 
panded Shale,  Clay  and  Slate  Institute  recommended  using  two  additional  strands 
with  the  strand  pattern  shown  on  Fig.  1.  The  estimated  total  pretensioning  loss  for 
the  lightweight  concrete  beams  was  estimated  to  be  47,000  psi  whereas,  for  the 
regular-weight  concrete,  it  would  be  approximately  35,000  psi. 
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The  strands  used  were  /2-in,  iincoated,  seven-wire,  stress-relieved,  in  accordance 
with  ASTM  A  416-59T.  The  21  strands  were  tensioned  on  a  bed  322  ft  7  in  long. 
The  required  initial  prestress  was  0.68  X  250,000  psi  —  170,000  psi  or  24,450  lb 
per  strand.  The  computed  elongation  using  an  assumed  modulus  of  elasticity,  £.,  = 
27,500,000  psi.,  was  23.9  in  for  this  length  bed.  A  ram  load  of  25,000  lb  per  strand 
produced  an  average  elongation  of  22.5  in. 

The  regular  reinforcement  was  intermediate  grade  steel  per  ASTM  A  15  and 
A  305. 

The  concrete  mi.x  used  per  cubic  yard  for  beam  LI  was  as  follows: 

705  lb  Portland  Cement,   Type   III 

953  lb  Fine  Haydite 

810  lb  Coarse  Haydite 

264  lb  Plaster  Sand 

317  lb  W-Atev 

4/2  oz  "Ad-Aire"  Air  Entraining  Agent 

The  mi.x  used  for  the  other  beams  was  the  same  as  for  LI  except  7*2  oz  of 
admixture  was  used. 

The  prescribed  concrete  strength  for  release  of  strands  to  the  concrete  was 
4,000  psi.  The  release  strength  as  indicated  by  6  by  12  cylinders  from  beam  L4 
was  4,820  psi. 

SR-4  strain  gages  were  applied  to  the  strands  of  each  beam  after  tensioning, 
and  before  casting  the  concrete  and  mechanical  strain  gage  points  were  set  in  the 
top  slab  of  beams  LI,  L3,  L4  and  L5  before  the  concrete  hardened,  as  indicated 
in  Figs.  6  and  7. 

D.  TEST  LOADS 

The  design  loads  for  these  box  beams  on  a  27-ft  span  and  the  corresponding 
test  loads   are   as  follows: 

Dead  Load:   Ballast,   rails,   etc 484  lb  per  ft 

Beam     474  lb  per  ft 

Dead  Load  Moment:    Ballast,    rails,    etc 529,000  in-lb 

Beam    541,000  in-lb 

Live  Load  +    Impact   Moment    4,970,000  in-lb 

Moment  to  Be   De\  eloped  by  Test  Loa»s: 

LL  plus   Impact    4,970,000  in  lb 

DL  ballast,  rails    529,000 

5,499,000  in  lb 

Dead   Load  Shear:    Ballast,   rails,   etc 3,270  lb 

Beam     3,310  lb 

Live  Load  +   Impact  Shear   45,400  lb 

Sheak  to  Be  Developeu  by  Test  Loads: 

LL  plus  Impact     45,400  lb 

DL  ballast,  rails    3,270 

48,670  lb 

Length  of  Shear  Sp.\n  REQumEo: 

c.,         c-  Test  Moment  5,499,000         ,,,^   .  ,,  r    ^  . 

Shear  Span  =     ^^    ^  „u =  — ^o  g^n —  =  Hi  ni  or  9  ft  5  in 

Test  Shear  48,670 
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The  capacity  of  the  Amsler  pulsator  and  jacks  restricted  the  total  jack  move- 
ment for  application  of  static  and  cyclic  loads.  Hence,  it  was  necessary  to  reduce 
the  span  length  of  test  specimens  to  operate  within  these  limitations.  In  all  cases, 
however,  the  shear  span  was  maintained  at  9  ft  5  in  so  design  shears  and  moments 
or  increments  thereof  were  developed. 

E.  TEST  RESULTS 

Static  Loading — Beam  L2 

Beam  L2  was  placed  in  the  test  machine  on  October  22,  1964,  and  was  stati- 
cally loaded  to  failure.  Instrumentation  consisted  of  strain  gages  on  the  top  of  the 
beam  for  recording  compressive  strains,  strain  gages  on  the  strands  to  measure 
tensile  strains  in  the  strands,  a  taut  wire  across  a  graduated  scale  for  recording  de- 
flections and  dial  gages  on  the  ends  of  two  of  the  strands  to  measure  slip  of  the 
strands. 

The  test  procedure  consisted  of  four  loading  sequences: 

1.  Load  applied  in  increments  to  the  design  load  and  released. 

2.  Load  applied  in  increments  to  the  design  load  and  released. 

3.  Load  applied  in  increments  to  the  cracking  load  and  released. 

4.  Load  applied  in  increments  to  the  ultimate  load  and  released. 

During  each  of  the  sequences,  readings  were  taken  on  the  strain  gages,  the 
deflection  gage  and  the  strand  slip  gages. 

At  the  left  of  Figs.  2,  3  and  4  are  shown  the  compressive  strains,  tensile 
strains  and  deflection,  respectively.  The  load  positions  for  this  beam  are  shown; 
two  jacks  per  load  point  were  symmetrically  placed  9  ft  5  in  from  the  supports. 
For  the  first  loading  stage,  loads  were  increased  in  10,000-lb  increments  to  design 
load  (48,000  lb)  and  released.  This  was  repeated  for  the  second  stage.  Deflection 
at  design  load  was  0.13  in.  in  both  cases,  and  no  tensile  cracks  were  observed. 

For  the  third  stage,  loads  were  increased  in  20,000-lb  increments  until  the 
first  crack  was  observed  and  the  load  then  released.  Cracking  load  was  72,000'  lb 
or  1.5  times  design  load.  For  the  fourth  stage,  the  loads  were  increased  in  20,000-lb 
increments  to  the  cracking  load  and  then  by  10,000-lb  increments  until  failure  oc- 
curred at  a  load  of  151,000  lb  or  3.1  times  design  load.  (See  Fig.  9.)  Failure 
occurred  by  compression  in  the  concrete  on  the  top  surface  between  the  two  load 
points  and  was  associated  with  large  tensile  cracks  and  high  strains  in  the  strands. 
Many  diagonal  tension  cracks  formed  symmetrically,  pointing  upward  toward  the 
mid-section  of  the  beam.  The  deflection  was  not  obtained  at  ultimate  load,  but  an 
extrapolation  of  the  load-deflection  curve  would  indicate  the  ultimate  deflection  to 
be  about  3  in.  There  was  no  strand  slippage.  Concrete  strength  at  that  time  of  test 
was  7,120  psi.  The  computed  moment  was  0.4  percent  less  than  that  developed  by 
the  test. 

Repeated  Loading — Beams  L3,  L4  and  L5 

Three  beams,  L3,  L4  and  L5,  were  subjected  to  repeated  loading  at  a  rate  of 
about  110  cycles  per  min.,  with  load  points  as  shown  at  the  right  of  Figs.  2, 
3  and  4. 

Beam  L3  was  placed  in  the  test  machine  on  October  26,  1964  and  subjected 
to  repeated-load  cycling  bet\\'een  a  minimum  of  60,000  lb  and  a  maximum  of 
100,000  lb,  or  design-load  increments  of  1.2  to  2.1  for  2,000,000  cycles.  Concrete 
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strength  at  time  of  test  was  7J'20  psi.  It  can  be  seen  from  the  (haj^rams  tliat 
strain  and  deflection  held  fairly  constant  throughout  the  cycling  period.  During 
the  initial  loading,  the  first  tensile  crack  was  observed  at  85,000'  lb  per  load  point, 
and  under  the  first  application  of  the  100,00()-lb  load,  these  cracks  extended  a 
maximum  of  8  in  above  the  bottom  of  the  beam.  During  cycling,  these  flexural 
tensile  cracks  extended;  after  2,000,000  cycles  some  had  reached  mid-depth  of  the 
beam  and  diagonal  tension  cracks  began  to  appear  in  the  .shear  span.  (See  Fig.  10.) 

Since  tliis  beam  did  not  fail  during  the  2,000,0CO-cycle  period,  it  was  neces- 
sary to  select  a  load  range  for  L4  which  might  produce  failure.  Using  two  50-ton 
jacks,  the  maximum  load  of  100,000  lb  per  load  point  could  not  be  increased,  but 
the  load  range  could  be  increased  by  using  a  minimum  of  42,()(i0  lb  per  load  point. 
This  resulted  in  the  greatest  possible  ram  stroke  by  the  pulsator.  This  loading  was 
applied  to  beam  L3  for  about  500,000  cycles  to  ob.serve  its  effect  on  the  beam  and 
the  performance  of  the  pulsator.  There  was  some  lengthening  of  the  flexural  cracks 
and  the  shear  cracks  and  the  dexelopment  of  new  shear  cracks  under  the  additional 
loading. 

Beam  L4  was  placed  in  the  test  machine  on  December  4,  1964,  and  loaded  in 
a  similar  manner  as  L3,  except  that  the  load  range  was  from  a  minimum  of  42,000 
lb  to  a  maximum  of  100,000  lb,  or  design-load  increments  of  0.9  to  2.1.  This  load- 
ing was  not  sufficient  to  produce  a  failure  in  2,000,000  cycles.  As  shown  by  the 
diagrams,  the  strain  and  deflection  held  fairly  constant  throughout  the  cycling  pe- 
riod. The  cracking  load  was  observed  at  60,000'  lb  per  load  point.  Flexural  and 
shear  cracks  developed  in  a  pattern  similar  to  L3.  ( See  Fig.  10. )  Concrete  strength 
at  time  of  test  was  8,200  psi. 

The  punching  shear  strength  of  the  top  slab  of  this  beam  was  determined  by 
loading  a  6-in  by  10-in  plate  at  mid-span  and  near  one  end  as  shown  below: 
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U-  Centc 


■EEJ- 


Center  line 


The  maximum  load  at  the  mid-span  location  was  124,000  lb  or  2,060  psi  and 
at  the  end  location,  75,000  lb  or  1,250  psi.   (See  Fig.  11.) 

Beam  L5  was  placed  in  the  test  machine  on  January  20,  1965.  The  load  posi- 
tions were  the  same  as  L3  and  L4,  but  the  repeated-loading  range  was  between  a 
minimum  of  87,000  lb  and  112,000  lb  per  load  point,  or  from  1.7  to  2.3  design 
loads.  The  initial  cracking  load  was  68,000  lb  per  load  point.  As  shown  by  the 
diagrams,  strain  and  deflection  increased  with  an  increase  in  number  of  cycles. 
Tensile  cracks  extended  to  within  a  few  inches  of  the  top  and  there  were  numerous 
diagonal  tension  cracks.  (See  Fig.  12.)  The  beam  failed  after  1,880,000  cycles  by 
strand  breakage  at  one  of  the  tensile  cracks.  The  concrete  strength  at  time  of  test 
was  7,200  psi. 

To  determine  the  extent  of  the  strand  breakage,  the  concrete  was  removed 
from   the   side    of   the   l>eam   in   the   vicinity   of   the   largest    flexural   crack   to  expose 
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three  strands,  'Di  in,  5/2  in  and  9  in,  respectively,  from  the  bottom,  as  can  be  seen 
in  tlie  lower  photograph  of  Fig.  12.  Wires  were  broken  in  each  of  these  strands. 

It  is  apparent  from  the  above  that  the  repeated-load  strength  of  these  beams 
at  2,000,000  cycles  is  at  least  2.1  times  design  load.  Whereas,  the  regular-weight 
beams  failed  in  less  than  a  million  cycles  at  this  load,  the  two  types  cannot  be 
directly  compared  for  repeated-load  strength  since  the  lightweight  beams  had  two 
more  strands  than  the  regular-weight  beams  and  their  concrete  strength  was  also 
higher.  These  extra  strands  were  placed  to  compensate  for  the  greater  expected 
losses,  but  this  increased  the  total  steel  area  and  reduced  the  strand  stress  under 
flexural  loading.  Since  the  repeated-load  strength  is  a  direct  function  of  the  range 
of  stress  in  the  strands,  it  is  felt  that  these  lightweight  beams  carried  a  higher  load 
because  of  this  greater  steel  area. 

Transfer  Length  of  Strand  Tension 

At  the  time  strands  were  tensioned,  SR-4  strain  gages  were  applied  to  two  of 
the  strands  as  shown  on  Fig.  1.  The  gages  were  applied  12  in,  24  in  and  39  in 
from  one  end  of  beam  LI  and  2  in  from  the  other  end.  Strain  readings  were  taken 
on  these  gages  before  and  after  the  strands  were  cut.  The  difference  in  these  read- 
ings at  each  location  is  a  measure  of  the  amount  of  the  prestress  force  transferred 
to  the  concrete. 

On  Fig.  5  is  shown  the  transfer  of  strand  tension  to  concrete  when  the  strands 
were  cut.  The  left  ordinate  is  the  change  in  strain  and  the  right  indicates  in  per- 
cent the  transfer  of  the  initial  prestress  force.  It  can  be  seen  that  for  gages  2  in 
from  the  end  of  beam  LI,  the  average  change  in  strain  was  0.004410'  in  per  in. 
Since  the  total  prestress  force  was  170,000  psi,  a  gage  at  the  end  of  the  beam 
without  any  embedment  would  have  recorded  a  change  of  strain  of  0.005670  in 
per  in.  At  12  in  from  the  end,  the  average  strain  was  0.001000  in  per  in,  which  is 
about  90  percent  of  the  prestress  developed. 

At  24  in  and  39  in  from  the  end,  the  average  change  in  strain  was  0.000435 
in  per  in  and  0.000415  in  per  in,  respectively. 

At  mid-length,  the  strain  was  0.000410  in  per  in  (elastic  shortening  of  con- 
crete) indicating  that  the  entire  prestress  force  was  transferred  to  the  concrete  24 
in  from  the  end. 

Rate  of  Change  of  Concrete  Strains 

At  the  time  the  beams  were  cast,  mechanical  strain  gage  points  were  inserted 
at  various  locations  along  the  tops  of  beams  LI,  L3,  L4  and  L5,  as  shown  on  Figs. 
6  and  7.  These  points  were  set  8  in  on  centers  and  readings  were  taken  with  a 
mechanical  (Berry)  strain  gage  capable  of  reading  to  0.0000234  in  per  in.  An  initial 
set  of  readings  were  taken  immediately  after  strand  release  and  additional  readings 
taken  periodically  since  then. 

On  November  4,  1964,  beam  LI  was  placed  outside  the  laboratory  on  supports 
27  ft  on  centers  and  loaded  with  concrete  blocks  to  simulate  the  dead  load  of  track 
and  ballast.  ( See  Fig.  13. )  Graduated  scales  were  cemented  to  one  side  of  the 
beam  at  center  of  span  and  over  the  bearings  and  by  use  of  a  surveyors'  level  the 
relative  movement  of  the  center  with  respect  to  the  ends  was  obtained  at  the  time 
the  Berry  gage  readings  were  taken.  When  the  beam  was  first  loaded,  the  down- 
ward deflection  was  0.025  in.  This  load  has  been  sustained,  and  the  lower  diagram 
of  Fig.  5  shows  the  change  in  camber  from  the  time  the  beam  was  49  days  old 
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until  the  last  reading  at  age  677  clays.  A  general  increase  in  camber  oi  about  0.02 
in  is  noted,  although  there  were  Hnctuations  upward  and  downward  during  the 
period.  If  camber  readings  could  have  been  taken  immediately  after  detensioning, 
greater  change  undoubtedly  would  have  been  recorded,  as  indicated  by  the  corre- 
sponding chimges  in  concrete  strain.  The  diagram  also  indicates  that  the  camber  has 
stabilized  and  further  change  probably  will  he  slight. 

The  other  diagrams  on  Fig.  6  s;how  the  rate  of  change  in  concrete  strain  at 
various  positions  along  the  beam.  Gage  points  1  to  8,  inch,  are  parallel  to  the 
longitudinal  axis  whereas  gage  9  is  normal  to  this  axis.  It  can  be  seen  that  the 
greatest  rate  of  change  took  place  during  the  first  84  days,  and  while  there  were 
fluctuations  after  that,  the  rate  was  considerably  less,  and  after  about  450  days  has 
leveled  off.  Maximum  strain  values  occuiTed  at  gage  5  at  140  days,  0.00078  in  per 
in   and  at  447  days,  0.00092  in  per  in. 

It  is  interesting  to  note  that  gage  9  shows  a  similar  fluctuation  pattern  as  the 
other  gages,  but  the  magnitude  of  strain  is  much  less.  The  location  of  this  gage 
was  selected  in  order  to  isolate  it  from  the  effect  of  the  prestress.  However,  during 
release  of  pretension,  this  gage  did  record  some  tension,  whereas  all  the  other  gages 
went  into  compression.  Since  release,  this  gage  has  indicated  a  decrease  in  strain.  It 
seems  apparent  that  shrinkage  of  the  concrete  and  creep  due  to  the  prestress  force 
combine  to  develop  the  total  change  in  strain.  For  longitudinal  gages  1  to  8,  inch, 
shrinkage  and  creep  are  additive,  but  for  transverse  gage  9,  they  oppose  one  an- 
other and  shrinkage  apparently  is  the  predominant  influence. 

Fig.  7  shows  the  rate  of  change  of  strain  for  beams  L3,  L4  and  L5.  Here  also, 
the  high  rate  of  change  is  noted  during  the  first  few  weeks  after  detension.  These 
beams  were  subjected  to  repeated-load  tests  and  the  strain  readings  were  discon- 
tinued when  the  tests  were  ]:)egun. 

F.  PREDICTION  OF  FATIGUE  STRENGTH 

A  method  of  predicting  the  fatigue  strength  of  prestressed  concrete  beams  was 
developed  by  R.  G.  Skitter  and  Carl  E.  Ekberg,  Jr.,  and  published  in  the  AREA 
Proceedings,  Vol.  60,  1959,  pages  1-50.  This  method  was  further  discussed  in  re- 
ports ER-36  and  ER-53. 

The  diagram  of  Fig.  8  shows  the  fatigue  failure  envelop  for  strands  for 
1,000,000  cycles  of  loading.  This  was  taken  from  the  report  referred  to  above.  This 
failure  envelop  has  a  minimum  and  a  maximum  boundary  and  describes  the  limits 
of  stress  range  which,  if  exceeded,  should  result  in  strand  failures  and  whicli,  if  not 
exceeded,  should  produce  a  fatigue  life  of  at  least  l,00G',0(i()  cycles. 

Superimposed  on  this  diagram  arc  the  calculated  strand  stresses  (expressed  as 
a  percentage  of  the  ultimate  strength)  for  beams  L3,  L4  and  L5.  Beam  L3  which 
liad  a  minimum  to  maximum  cycling  load  of  60,000  to  100,000'  lb  per  jack  resulted 
in  a  strand  stress  percentage  of  52.0  to  68.3  percent.  This  stress  range  is  shown  to 
be  within  the  failure  envelop  and  indicates  that  the  beam  should  not  fail  foi 
1,000,000  cycles,  and  this  was  verified  by  the  test.  Similarly,  beam  L4  range  of 
stress  was  52.0  to  68.3  percent,  which  was  also  within  the  envelop  and  it  did  not 
fail.  Beam  L5  was  subjected  to  a  stress  range  of  59.9  to  75.5  and  as  can  be  seen 
this  fell  outside  the  failure  envelop.  This  beam  did  fail,  however,  after  1,880,000 
cycles,  and  should  have  failed  at  less  than  1,000,000  cycles  according  to  the  failure 
envelop. 
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A  comparison  of  recorded  and  calculated  strand  stresses  is  as  folk 


Beam 
L3 
L4 
L5 


Percent  of  Static  Ultimate 
Calculated  Recorded 

Min.  Max.  Mi„.  Max. 

52.0  68.3  52.3  57.3 

52.0  68.3  «  « 

59.9  75.5  63.2  '  69.9 


Not   recorded. 
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FIGS 
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FIG.   (^ 
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FIG.  8 

LABORATORY  INVESTIGATION  OF  LIGHTWEIGHT  PRESTRESSED 
CONCRETE  BOX  BEAMS 
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Beam  L2  in  position  for  static  loading. 


Beam  L2  at  90  kips  per  load  point. 
Fig.  9 — Static  loading  of  Beam  L2. 
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Beam  L2  at  110  kips  per  load  point. 


Beam  L2  at   151    kips   per   load   point — eompression   failure 
Fig.  9 — Static   loading  of  Beam   L2    (continued). 
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At  end. 


At  center. 
Fig.   11 — Determination  of  punching  shear  .strength. 
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Report   on   Assignment  7 

Quality  of  Concrete  and  Mortars 
Collaborating  with  Committee  6 

W.  P.  Hendrix  (chairman,  subcommittee),  H.  C.  Brown,  N.  D.  Bryant,  J.  W. 
DoLSON,  C.  W.  Hale,  G.  P.  Hayes,  Jr.,  H.  W.  Hopkins,  A.  K.  Howe,  R.  J. 
Klueh,   R.   E.   Kuban,    G.   F.   Leyh,   L.   M.    Morris,  J.   M.    Williams,   S.   G. 

WiNTONIAK. 

Your  committee's  primary  assignment  has  been  the  revision  of  the  AREA 
pamphlet  "Instructions  for  Mixing  and  Placing  Concrete."  Although  a  substantial 
amount  of  work  has  been  done  on  this  assignment,  it  is  now  apparent  that  because 
of  the  rapidly  changing  technology  in  the  concrete  field,  it  will  not  be  feasible  to 
keep  such  a  pamphlet  up-to-date.  In  view  of  this,  your  committee  now  proposes  to 
re-edit  this  material  and  publish  it  in  the  AREA  Bulletin  as  information. 


Your   committee   offers   for   adoption   the   following   editorial   revisions   with   re- 
spect to  Chapter  8  of  the  Manual: 

Pages  8-20-1  to  8-20-3,  incl. 

ASTM    SPECIFICATIONS    AND    DESIGNATIONS 

A  7-61T,  change  to  A  7-65  and  delete  "(Tentative)"  from  title. 
C  31-65,  change  to  C  31-66. 
C  33-64,  change  to  C  33-66. 
C  39-64',  change  to  C  39-66. 
C  40-60,  change  to  C  40-66. 
C  70-47,  change  to  C  70-66. 
C  76-65T,  change  to  C  76-66T. 
C  91-65,  change  to  C  91-66. 
C  123-64,  change  to  C  123-66. 
C  125-65,  change  to  C  125-66. 

C  131-64T,  change  to  C  131-66  and  delete  "(Tentative)"  from  title. 
C  142-64T,  change  to  C  142-66T  and  change  title  to  "Friable  Particles  in  Aggre- 
gate (Tentative)." 
C  143-58,  change  to  C  143-66. 
C  150L-65,  change  to  C  150-66. 
C  173-58,  change  to  C  173-66. 
C  175-65,  change  to  C  175-66. 
C  192-65,  change  to  C  192-66. 
C  260^65T,  change  to  C  260-66T. 
C  289-65,  change  to  C  289-66. 
C  340-64T,  change  to  C  340-66T. 
C  535-64T,  change  to  C  535-65. 

D  412-64T,  change  to  D  412-66  and  delete  "(Tentative)"  from  title. 
D  2240-64T,  add  "(Tentative)"  at  end  of  tide. 
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Report   on   Assignment   8 

Waterproofing  for  Railway  Structures 
Collaborating   with   Committees  6,  7  and   15 

R.  J.  Brueske  (chairman,  subcommittee),  E.  L.  Bangs,  E.  R.  Blewitt,  J.  W. 
DoLSON,  A.  K.  Howe,  J.  R.  Iminski,  L.  Lange,  Jr.,  R.  E.  Pearson,  M.  Pdcar- 
SKY,   H.   H.   Schmidt,  J.   M.  Williams. 

^'our  committee  reports  on  the  following  assignments: 
Report  on  Waterproofing  Qualities  of  Epoxy  Resins  and  Related  Materials 

Nothing  new  was  accomplished  on  this  assignment  this  past  year  and  we  have 
decided  to  drop  the  assignment  for  1967. 

Investigate  Waterproofing  Qualities  of  Butyl  Rubber  Membrane 

Your  committee  has  completed  the  study  of  butyl  rubber  membrane  water- 
proofing and  has  revised  the  membrane  waterproofing  specification  to  include  the 
use  of  a  butyl  rubber  membrane.  Your  committee  now  recommends  tlie  adoption 
of  the  following  revisions  to  the  Specifications  for  Membrane  Waterproofing  in  Part 
2,  Chapter  29: 

SPECIFICATIONS    FOR    MEMBRANE    WATERPROOFING 

A.  GENERAL 

1.  Scope 

Add  to  end  of  second  sentence:   "or  butyl  rubber  sheeting." 

2.  Design 

No  change. 

3.  Types 

Add  the  following: 

At  end  of  first  sentence,  "and  Fig.  2:" 

E.  One  layer  of  butyl  rubber  and  one  mopping  of  hot  bitumen. 

F.  One  layer  of  butyl  rubber  secured  with  an  approved  adhesive. 

Eliminate  last  sentence. 

B.  MATERIALS 

1.  General 

Add  the  following:  "Bitumen  for  use  with  butyl  rubber  membrane  may  be 
either  asphalt  or  coal-tar  pitch." 

2.  Primer 

No  change. 

3.  Membrane 

Add  the  following: 
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e.  Butyl  Rubber 

(1)  Butyl  rubber  membrane  shall  be  1/16  in,  3/32  in,  or  1/8  in  thick  at  the 
engineer's  option. 

(2)  Rubber  membrane  shall  be  a  compounded  butyl  elastomer  of  the  IIR 
Family   (Iso  butylene-lso  prene  rubber)   conforming  to  the  following  requirements: 

Color     Black 

Specific  gravity   1.20  ±  0.03 ASTM  D  297-61T 

Tensile  strength 1200i  psi   (min)    ASTM  D  412-61T 

Modulus  @  300%  elongation  ...  600  psi   (min)    ASTM  D  412-61T 

Elongation    300%        (min )    ASTM  D  412-61T 

Tear  resistance,  die  B    150  psi   ( min )    ASTM  D  624^54 

Hardness,  shore  A 55  ±  5  with  5-sec  interval 

before  reading.  .ASTM  D  676-59T 
Ozone  resistance,  70  hr  @  100  F 
in  50  PPHM  Ozone;  20«  elon- 
gation      no  cracks 

Heat  aging,  7  days  @  240  F  .  .  .  70^  of  original  properties 
Maximum    vol.    swell     (Tricresyl 
Phosphate    Immersion)    72    hr 

@  212  F   10%     ASTM  D  571-57T 

Operating  temperature  range  .  .  .  — 40  F  to  275  F 

Water  absorption,  vol.  change  .  .  less  than  1% 

f.  Adhesive 

Adhesive  for  securing  butyl  rubber  membrane  and  the  protective  cover  shall 
be  compatible  to  the  membrane  waterproofing  and  with  the  materials  to  which  it  is 
bonded.   It  shall  remain  workable  to  its  brittle  point   ( — 40'  deg  F). 

g.  Cement 

Cement  for  splicing  rubber  membrane  shall  be  a  self-vulcanizing  butyl  rubber 
compound  conforming  to  the  following  requirements: 

Viscosity  No.  3  Zahn  Cup  (77  deg  F)  100  to  150  sec 

Total  Solids  30«  (min) 

Cement  shall  be  applied  at  a  minimum  rate  of  2  gal  per  100  sq  ft. 

/).  Butyl  Gum  Tape 

Butyl  gum  tape  for  splicing  butyl  membrane  shall  be  black,  unvulcanized 
butyl  rubber  with  a  0.008  mil  polyethylene  film  backing.  The  tape  shall  be  0.03 
mils  (  ±  0L004 )  thick,  including  the  backing. 

4.  Membrane  Protection 

No  change. 

C.  CONSTRUCTION 
1.  General 

Change  first  sentence  to  read  as  follows:  "Bituminous  membrane  waterproofing 
shall  not  be  applied  when  the  atmospheric  temperature  is  below  50  deg  F  and 
butyl  rubber  membrane  shall  not  be  applied  when  the  atmospheric  temperature  is 
below  10  deg  F,  without  written  permission  of  the  engineer." 

Change  second  sentence  to  read  as  follows:  "Surfaces  to  be  waterproofed  shall 
be  clean,  smooth,  dry  and  free  of  fins,  sharp  edges,  oil,  grease  and  loose  or  foreign 
materials." 
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2.  Primer 

Add  a  third  paragraph  as  follows: 

"Surfaces  to  be  protected  with  butyl  rubber  membrane  waterproofing  and  a 
hot  mopping  of  bitumen  shall  be  given  one  coat  of  asphaltic  primer  (use  with 
asphalt  bitumen)  or  creosote  primer  (use  with  coal-tar  pitch)  before  the  mopping 
of  bitumen  is  applied.  At  expansion  joints,  the  primer  shall  be  omitted  for  a  width 
of  9  in  of  each  side  of  the  joint. 

.3.  Membrane 

(I.  Bituminous  Mcnibranc 

(1)  Coal-tar  pitch,  etc.    (.same  as  former  .3-a). 

(2)  The  .surface  to  be  waterproofed,  etc.   (same  as  former  3-b). 

(3)  On  surfaces  that  are,  etc.   (same  as  former  3-c). 

(4)  The  work  shall  be  regulated,  etc.   (same  as  former  3-d). 

(5)  The  waterproofing  membrane,  etc.   (same  as  former  3-e). 

/;.  Buii/1  Rubber  Mcnibiane 

( 1 )  Surfaces  to  be  waterproofed  with  ruVber  membrane  and  hot  bitumen 
shall  be  mopped  with  a  solid  application  of  hot  bitumen  at  a  rate  of  not  less  than 
4%  gal  per  100  sq  ft  of  surface.  Coal-tar  pitch  shall  not  be  heated  aboye  250  deg  F 
and  asphalt  shall  not  be  heated  above  300  deg  F. 

(2)  For  surfaces  to  be  waterproofed  with  rubber  membrane  secured  with  ad- 
liesive,  the  adhesive  shall  be  applied  to  ballast  retainers  and  ends  of  deck  in  a  soHd 
area  extending  from  the  edges  back  36  in.  At  the  engineer's  option,  adhesive  may 
be  applied  to  the  entire  surface  to  be  waterproofed.  Adhesive  shall  be  applied  in  a 
tliin  layer  (by  using  a  squeegee)  at  a  minimum  rate  of  1  gal  per  100  sq  ft. 

(3)  Membrane  sheets  shall  first  be  po.sitioned  and  drawn  tight  without 
stretching.  Half  of  the  membrane  is  then  uniformly  rolled  up  in  a  direction  away 
from  the  starting  edge  or  subsequent  splice.  Bitumen  or  adhesive  is  now  applied  to 
the  exposed  area.  Allow  adhesive  to  dry  so  as  to  not  stick  to  a  dry  finger  touch. 
The  membrane  is  now  unrolled  and  pressed  firmly  and  uniformly  in  place,  using 
care  to  avoid  trapping  of  air.  The  same  procedure  is  repeated  for  the  remaining 
half  of  the  membrane  sheet.  Wrinkles  and  buckles  shall  be  avoided.  Each  succeed- 
ing sheet  shall  be  positioned  to  fit  the  previously  installed  .sheet  and  spliced. 

(4)  Splices  shall  be  of  tongue-and-groove  or  lap  type  as  specified  by  the  engi- 
neer. Splices  shall  be  made  as  shown  on  Fig.  2.  All  seam,  lap  and  splice  areas 
shall  be  cleaned  with  heptane,  hexane,  toluene,  trichlorethylene  or  white  gasoline, 
using  a  clean  cloth,  mop  or  similar  synthetic  cleaning  device.  Cement  shall  be 
spread  continuously  on  seam,  lap  and  splice  areas  at  a  uniform  rate  of  not  less  than 
2  gal  per  100  sq  ft.  After  cement  is  allowed  to  dry  until  it  will  not  stick  to  a  dry 
finger  touch,  apply  butyl  giun  tape  to  cemented  area  of  membrane,  extending  tape 
at  least  Ys  in  beyond  edges  of  splice  and  lap  areas.  Roll  or  press  the  tape  firmly  into 
place,  obtaining  full  contact.  Bridging  and  wrinkles  shall  be  avoided.  Corner  splices 
shall  be  reinforced  with  two  continuous  layers  of  rubber  membrane  over  one  layer 
of  butyl  tape. 

(5)  All  projecting  pipe,  conduits,  .sleeves,  etc.,  passing  through  butyl  rubber 
membrane  waterproofing  shall  be  flashed  with  prefabricated  or  field-fabricated  boots, 
fitted  coverings,  etc.,  as  necessary  to  provide  watertight  construction.  Butyl  gmn 
tape  shall  be  used  between  layers  of  rubber  membrane. 
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(6)  Any  holes  in  the  membrane  sheeting  shall  be  patehed  with  a  minimum 
overlap  of  4  in  and  in  accordance  with  manufacturer's  instructions. 

(7)  During  construction,  care  shall  be  exercised  to  prevent  damage  to  the 
waterproofing  membrane  by  men  or  equipment. 

4.  Protective  Cover 

a.  General 

The  protective  cover  shall  be  placed  over  the  membrane  as  soon  as  practicable 
after  the  membrane  has  been  laid.  Dirt  and  other  foreign  material  shall  be  re- 
moved from  the  surface  of  the  membrane  before  the  protective  cover  is  placed. 

At  expansion  joints  of  bridge  decks  protected  with  butyl  rubber  membrane 
waterproofing,  a  strip  of  anti-bonding  paper  18  in  wide  shall  be  laid  above  and 
below  the  membrane  before  the  protective  cover  is  applied. 

One  of  the  following  methods  of  protection  shall  be  used: 

1.  Bituminous  Membrane 

(a)  A  layer  not  less  than  VA  in  thick  of  hot-laid  bituminous  mastic. 

(b)  A  layer  of  asphalt  block  or  asphalt  plank  not  less  than  Di  in  thick. 

(c)  A  layer  of  reinforced  Portland  cement  concrete  not  less  than  2  in 
thick. 

(d)  A  course  of  brick  not  less  than  2/2  in  thick. 

2.  Butyl  Rubber  Membrane 

(a)  A  layer  of  asphalt  block  or  asphalt  plank  not  less  than  1)4  in  thick. 

h.  Bituminous  Mastic 
No  change. 

c.  Asphalt  Block  and  Asphalt  Flank 

Both  asphalt  plank  and  asphalt  block  protection  shall  be  laid  in  hot  asphalt 
applied  at  not  less  than  5  gal  per  100  sq  ft.  As  successive  planks  or  blocks  are  laid, 
the  edges  and  ends  of  adjacent  planks  or  blocks  already  laid  shall  be  coated  heavily 
with  hot  asphalt.  The  asphalt  used  with  the  asphalt  plank  or  asphalt  block  protec- 
tion shall  be  the  same  as  specified  for  mopping  in  Sec.  B,  Art.  3a.  Both  planks  and 
blocks  shall  be  laid  tightly  against  those  previously  laid  so  that  tlie  asphalt  will 
completely  fill  the  joints  and  be  squeezed  out  of  the  top.  After  all  of  the  planks  or 
blocks  have  been  laid,  any  joints  not  completely  filled  shall  be  filled  with  hot 
asphalt. 

For  use  with  a  butyl  rubber  membrane  the  asphalt  plank  and  asphalt  blocks 
shall  be  laid  as  specified  above  or  they  shall  be  laid  in  a  coating  of  bonding  ad- 
hesive. The  bonding  adhesive  shall  be  the  same  as  specified  in  Sec.  B,  Art.  3f.  The 
adhesive  shall  be  applied  at  a  rate  of  not  less  than  1  gal  per  100  sq  ft.  Voids 
between  the  joints  should  be  filled  with  a  compatible  material. 

d.  Portland  Cement  Concrete  Protection 
No  change. 

e.  Brick  Protection 
No  change. 

5.  Underlayment 

No  change. 

6.  Sealing  Joints  and  Edges 

No  change. 
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BUTYL   MEMBRANE  SPLICES 
RECOMMENDED    IN    ORDER   LISTED    FOR  FIELD  ASSEMBLY 


NO. 


FACTORY    MADE    HEAT 
VULCANIZED     SEAM      ' 


.0(oZ5"  GAUGE 


-21'—- 


-BUTYL  GUM  TAPE    EXTENOeo 
AT  LEAST  "s"   BEYOND 
EDaE   or    5PUICE 


^ 


^ 


;^s\^\\\\\\\\\\\\\\\\\\\N , 


.0(c>25"  OR  HEAVIER  ,0(o25"  OR    HEAVIER 

TONGUE  AND  GROOVE  SPLICE 


NO.  2 


.0(^25  GAU&E 


T\ 


12"  TOP    PIECE 


SSSxSSS 


3_ 


-BUTYL   GUM  TAPE 
EXTENDED  AT  LEAST 
V    BEYOMD    EDG,E 

\0F    SPLICE. 


.0(ij25'OR.  HEAVIER 


12"  BASE    PIECE 


tr 


,Oii>25"  OR  HEAVIER 


BUTT  SPLICE 


NO. 3 


-BUTYL  GUM  TAPE    EXTENDED    AT  LEAST  '-%"  BEYOMD    EDGE     OF    SPLICE - 
(o' H-U G" 


I  r   OtZS  GAUGE 


TT'T^ 


.0<i)25"  OR  HEAVIER  OiiZS   OR   HEAVIER 

TONGUE  AND  GROOVE    --COMPLETE    FIELD    SPLICE 

NO.  4 


BUTYL   GUM  TAPE    EKTEMDED 
AT   LEAST    ^8,     BEYOMD 
EDGE    OF    SPLICE 


1. 


-2"  WIDE    STRIP    OF     BUTYL    GUM 
TAPE-  .020"T0  02S"  GAUGE 


.0ii25     OR    HEAVIER 


LAP  SPLICE 


■  OU-ZS     OR    HEAVIER 


ALL    CONTACT    SURFACES  TO  BE  THOROUGHLY  CLEANED  AND   CEMENTED 


Fig.  2. 


342 Masonry 

Patje  29-2-8,   chanj^e   title   of   Fij^.    1   to   read:    "Lapping  of  Bituniinous  Mem- 
Inane   Waterproofing."  Add   Fig.  2    (pre.sented  herewitli). 


For   1967  we  arc  recommending  two  assignments: 

a.  Investigate   types  of  membrane  protection. 

b.  Investigate  types  of  joint  sealers. 
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( E )  Member  Emei  itus. 

Those  whose  names  are  shown  in  boldface,  m  addition  to  the  chairman,  vice  chairman  and 
secretary,  are  the  subcommittee  chaimien,  and  those  designated  by  asterisks  constitnte  the  Engi- 
neering Division,  AAR,  Committee  7 


7"()  tJw  American   Rdihcaii  En^inecrin<i  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual 

The  results  obtained  in  the  work  of  several  subcommittees  ha\e  made 
necessary  a  general  review  of  Chapter  7  in  the  Manual.  This  work  is 
now  in  progress. 

2.  Grading  rules  and  classification  of  lumber  for  rail\\a\'  uses;  specifica- 
tions for  structural  timber,  collaboratiuij;  with  other  organizations 
interested. 

Xo  report. 

3.  Specifications  for  design  of  wood  bridges  and  trestles. 
No  report. 

4.  Methods  of  fireproofing  wood  l)ridges  and  tri'stlcs  including  firc- 
retardant  paints. 

No  report. 

5.  Design  of  structural,  glued  laminated  wood  bridges  and  trestles. 
Progress  report,   submitted  as  information    page  344 

6.  Applications  of  synthetic  resins  and  adhesi\es  to  wood  bridges  and 
trestles. 

Progress  report,   submitted  as  information    page  345 
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7.  Repeated  loading  of  timber  structures. 

Progress  report,  submitted  as  information   page  345 

8.  Protection  of  pile  cutoffs;  protection  of  piling   against  marine  organ- 
isms by  means  other  than  by  preservatives 

No  report. 

9.  Study  of  in-place  preservative  treatment  of  timber  trestles. 

A  full-size  sample  of  trestle  piling  from  a  bridge  which  had  been  m 
service  for  a  long  period  and  which  had  been  treated  in  place  with 
pentachlorophenal  preservative  was  furnished  the  AAR  Laboratory 
by  a  southwestern  railroad.  A  quantitative  analysis  was  made  in  the 
laboratory  to  determine  the  amount  of  preservative  retained  by  the 
wood  at  various  depths  from  the  surface  of  the  internal  void.  Arrange- 
ments have  been  made  to  obtain  additional  samples  (full-size  piles) 
from  two  other  roads  for  additional  investigation.  The  investigation 
will  continue  and  results  will  be  reported  from  time  to  time. 

10.   Non-destructive  testing  of  wood. 

Progress  report,  submitted  as  information    page  347 

The  Committee  on  Wood  BRrocES  and  Trestles, 

B.  E.  Daniels,  Chairman. 


AREA    Bulletin    604,    January    1967. 


Report  on  Assignment  5 

Design  of  Structural,  Glued,  Laminated  Wood 
Bridges  and  Trestles 

J.  A.  Gustafson  (chairman,  subcommittee),  B.  Bohanan,  J.  Bltdzileni,  T.  P. 
Burgess,  J.  W.  Chambers,  S.  L.  Goldberg,  E.  E.  Gordon,  R.  W.  Gunther, 
F.  J.  Hanrahan,  J.  F.  HoLMBERG,  R.  E.  Kuehner,  T.  K.  May,  J.  W.  N.  Mays, 
D.   H.   McKibben,  Sr.,  W.  H.  O'Brien,  W.  A.  Oliver,  G.   N.   Sells,  L.  E. 

TiTLOW. 

The  following  report  is  submitted  as  information. 

Your  committee  is  rewriting  the  section  of  the  Manual  dealing  with  the  design 
of  glued,  laminated  members  and  expects  to  have  it  ready  for  presentation  next 
year.  To  date  it  has  been  approved  by  the  subcommittee  and  will  be  sent  to  the 
full  committee  in  the  next  few  months. 

U.  S.  Commercial  Standard  CS  253-63  for  Structural,  Glued,  Laminated  Tim- 
ber has  been  adopted  by  many  producers  and  users  of  laminated  timber.  By  adding 
this  to  our  specification,  criteria  for  quality  and  standard  methods  for  testing, 
rating,  certification  and  labehng  will  be  provided.  This  will  result  in  a  fairer  basis 
for  competitive  buying  and  a  more  uniform  product.  The  AREA  Manual  will  con- 
tinue to  provide  for  items  not  covered  specifically  in  CS  253-63,  thus  keeping  an 
independent  review  on  the  portion  of  the  standard  that  is  provided  by  the 
producer. 
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Report   on   Assignment   6 

Applications  of  Synthetic  Resins  and  Adhesives 
to  Wood  Bridges  and  Trestles 

L.  R.  KuBACKi  (chairman,  subcommittee),  R.  E.  Anderson,  J.  Budzileni,  T.  P. 
Burgess,  J.  \V.  Chambers,  G.  Gable,  Jr.,  J.  A.  Hawley,  R.  H.  Hunsinger, 
J.  E.  HuTTO,  L.  C.  Jones,  T.  K.  May,  J.  J.  Ridgeway,  D.  V.  Sartore,  F.  E. 
Schneider,  G.  \.  Sells,  N.  E.  Smith,  J.  W.  Storer,  I.  ^\^  Thomas,  D.  L. 
\\'alker. 

Information  published  in  Proceedings  Vol.  64  and  AAR  Reports  ER  43,  ER  62 
and  ER  65  include  the  technology  of  epo.xy  resins  and  adhesives,  suggested  appli- 
cations and  results  from  laboratorj-  and  field  investigations  as  well  as  data  relating 
to  the  physical  properties  of  epoxy  resin  mixtures. 

The  committee  feels  that  there  is  sufficient  information  available  on  the  physi- 
cal properties  of  epoxy  resins  and  adhesives,  and  any  further  investigations  should 
be  progressed  under  specific  assignments  of  committees  requiring  its  use. 

The  committee  recommends  that  this  assignment  be  discontinued.  In  its  stead 
a  new  assignment  has  been  recommended  and  accepted.  Its  title  will  be  "Cost 
Evaluation   of  Various  Timber  Bridges." 


Report   on   Assignment  7 
Repeated  Loading  of  Timber  Structures 

C.  V.  LtTND  (chairman,  subcommittee),  R.  E.  Anderson,  W.  L.  Anderson,  B.  Bo- 
hannan,  J.  Budzileni,  A.  W.  Carlson,  D.  ].  Engle,  W.  A.  Genereux,  F.  J. 
Hanr.4.h,\n,  J.  F.  Holmberg,  L.  C.  Jones,  L.  R.  Kubacki,  W.  H.  Martin, 
T.  K.  May,  W.  A.  Oliver,  F.  E.  ScHNEroER,  N.  E.  Smith,  I.  W.  Thomas, 
L.  E.  Titlow. 

Your  committee  presents  as  information  the  following  synopsis  of  report  titled 
"Laboratory  Investigation  of  Solid-Sawn  Douglas  Fir  Stringers,"  of  the  Engineering 
Research  Division  of  the  AAR.  This  is  die  third  report  on  tests  conducted  at  the 
Research  Center  on  full-size  bridge  stringers  in  repeated  loading.  Previous  reports 
on  glued,  laminated,  Douglas  fir  and  southern  pine  stringers  appear  in  Volume  64 
and  in  Volume  66  of  AREA  Proceedings.  In  each  series  of  tests  the  research  is  di- 
rected in  particular  to  the  determination  of  resistance  to  horizontal  shearing  stresses 
for  variable  load  position  with  respect  to  the  end  support.  Corollarv  tests  on  sec- 
tions cut  from  the  stringers  were  conducted  at  the  Forest  Products  Laboratory, 
U.  S.  Deparhiient  of  Agriculture,  at  Madison,  Wis. 

In  the  present  series,  24  solid-sawn  Douglas  fir  stringers  were  tested  in  static 
and  repeated  loading  to  determine  the  horizontal  shear  strength  at  2,000,000  cycles 
for  three  difi^erent  load  positions.  The  stringers  were  8  in.  by  15?t  in.  in  cross  sec- 
tion, 14  ft  long,  obtained  from  stocks  of  one  of  our  larger  railroads,  purchased  to 
conform  to  Select  Structural  Grade,  and  treated  with  preservative  to  that  road's 
specifications. 
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One  .stringer  was  tested  statieally  and  se\ en  in  repeated  loadiiiK  for  eaeh  loatl 
position,  applying  two  eqnal  loads  spaeed  4  ft  8  in  apart  on  a  span  length  of  12  ft 
10  in.  To  determine  the  effeet  of  load  position,  the  first  load  was  plaeed  at  either 
1/2,  2?4  or  3  times  the  depth  of  the  stringers  from  the  near  support.  Repeated-load 
tests   were  carried  to  2,0()0,()()()  cycles  or  failure,  whichever  first  occurred. 

The  complete  results  of  tlie  investigation  appear  in  the  published  report,  and 
includes  data  on  physical  properties  furnished  by  the  Forest  Products  Laboratory. 
In  the  static  tests,  2  stringers  failed  in  horizontal  shear  and  one  in  tension.  In  the 
repeated-load  tests  11  stringers  failed  in  shear  and  3  in  tension;  7  stringers  did  not 
fail. 

The  report  shows  the  results  of  the  static  tests,  also  of  the  repeated-load  tests 
for  the  stringers  which  sustained  2,000,000  cycles.  From  these  data  the  horizontal 
shear  strength  at  2,000,000  cycles  is  estimated  to  approximate  270  psi  with  the  first 
load  placed  at  1/2  times  the  depth  of  the  stringer  from  the  support  (l/2(/),  230  psi 
with  the  first  load  at  2/4rf,  and  190  psi  with  the  first  load  at  3d.  AREA  specifica- 
tions currently  allow  100  psi  design  stress  for  this  grade  Douglas  fir,  based,  how- 
ever, on  long-time  duration  of  static  loading.  All  failures  in  repeated  loading  beyond 
125,000  cycles,  at  all  load  positions,  were  in  horizontal  shear. 

One  stringer  at  each  load  position  failed  at  the  start  of  the  test  or  soon  there- 
after. In  each  instance  failure  was  initiated  by  a  large  knot  at  or  near  the  tension 
side  of  the  beam. 

Most  stringers  exhibited  no  increase  in  deflection  during  test,  and  such  in- 
creases as  were  measured  were  slight.  Neither  changes  in  deflection  nor  in  strain- 
gage  readings  during  cycling  gave  apparent  indication  of  imminent  failure. 

In  supplementary  static  tests  of  the  seven  stringers  which  did  not  fail,  shear 
strengths  of  from  84  to  116  percent  of  the  strength  of  the  static  specimens  were 
developed.  Five  of  these  failed  in  shear. 

Corollary  tests  conducted  at  the  Forest  Products  Laboratory  developed  no  ap- 
parent correlation  between  specific  gravity,  percent  summer  wood,  or  ring  count, 
and  shear  strengths.  Average  specific  gravity  of  all  beams  was  determined  to  be 
0.48,  which  is  about  average  for  air-dry  Douglas  fir.  Percent  summer  wood  varied 
from  33  to  53  percent  and  annular  ring  count  from  9  to  21  (with  one  exception) 
rings  per  inch,  classifying  the  timber  as  dense  material. 

Grading  of  the  beams  according  to  rules  of  the  West  Coast  Lumber  Inspection 
Bureau,  Paragraph  124-a,  was  undertaken  by  the  railroad's  inspectors.  Certain 
beams  failed  to  meet  specifications,  as  reported  in  detail  in  the  full  report. 
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Report  on  Assignment  10 
Non-Destructive  Testing  of  Wood 

F.  E.  Schneider  (chairman,  subcommittee),  W.  L.  Anderson,  E.  L.  Bangs,  J.  Bud- 
ziLENi,  Geo.  Gabel,  JR-,  W.  A.  Genereux,  R.  W.  Gunther,  F.  H.  Hanrahan, 
J.  R.  Hawley,  J.  E.  HuTTO,  L.  R.  Kubacki,  R.  E.  Kuehner,  C.  V.  Lund, 
W.  H.  Martin,  E.  A.  Matney,  J.  W.  N.  Mays,  C.  H.  Newlin,  J.  J.  Ridge- 
way,  D.  V.  Sartore,  G.  N.  Sells,  J.  W.  Storer,  I.  W.  Thomas,  W.  A. 
Thompson,  Jr. 

The  following  report  is  submitted  as  information: 

Your  committee  has  not  been  able  to  make  much  progress  on  this  assignment 
due  to  lack  of  funds.  We  have,  however,  this  past  year  had  two  sonic  pole-testing 
dexices,  described  in  last  year's  report.  Vol.  67,  Bulletin  597,  page  338,  demon- 
strated to  us  at  the  AAR  laboratory,  measuring  and  recording  known  decay  in 
some  old  timber  bridge  specimens. 

These  specimens  are  now  being  cut  apart  to  verify  the  accuracy  of  the  read- 
ings obtained.   A  progress  report  on  these  tests  is  now  being  prepared. 
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Committee 


(  E )  Member  Emeritus. 

Those  whose  names  are  shown  in  boldface,  in  addirion  to  the  chairman,  vice  chairman, 
and  secretary,  are  the  subcommittee  chairmen,  and  those  designated  by  asterisks  constitute  the 
Engineering   Division,    AAR,    Committee    15. 

To    the   American    Railway   En<iineerin<i   Association: 

Your  committee   reports   on    the   followinsi;   subjects: 

1.   Revision  of  Manual. 

Revisions  of  specifications  submitted  for  adoption    pa^e  350 

3.  Protection  of  steel  surfaces. 

Progress  report,  submitted  as  information    page  354 

7.  Bibliography    and    technical    explanation    of    various    requirements    in 
the  AREA  specifications  relating  to  iron  and  steel  structures. 
Studies  relating  to  the  complete  revision  of  Chapter  15  of  the  Manual 
continue,  but  there  is  no  information  for  presentation  at  tliis  time. 

8.  Specifications    for    corrugated    structural    steel    plate   pipe,    pipe-arches 
and  arches. 

Your  committee  recommends  adoption  of  the  revisions  to  the  Manual 
as  set  forth   in   the   report  on  Assignment   1. 
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10'.   Continuous    welded    rail    on     hridyes,    collaborating    as    necessary    or 
desirable  with  Committee  31. 

Accumulation  of  data  continues,  but  there  is  no  information  for  pres- 
entation at  this  time. 

The  Committee  on  Ikon   and  Steel  Structures, 

G.  W.  Salmon,  Chairman. 


AREA    Bulletin    604,    Jamiun     1967. 


Report   on   Assignment   1 
Revision  of  Manual 

E.  S.  BiRKENWALD  (chairman,  subcommittee),  T.  J.  Boyle,  J.  L.  Durkee,  G.  F. 
Fox,  E.  T.  Franzen,  D.  V.  Messman.  D.  L.  Nord,  D.  D.  Rosen,  R.  D.  Spell- 
man,  J.   E.  Stallmeyer. 

Your   committee   submits   the   following   revisions   of   specifications   for  adoption 
and  publication  in  the  Manual; 

Pages  15-1-1  to   15-1-58,  incl. 

SPECIFICATIONS  FOR   STEEL  RAILWAY  BRIDGES 

Page   15-1-6,  Art.   18,  Sec.  A: 
In  the  first  line,  change  E  72  to  E  80. 

In  Fig.  2,  change  36,000  to  40,000  in  two  places;  72,000  to  80',000  in  eight 
places;  46,800  to  52,000  in  eight  places;  and  7,200  to  8,000  in  one  place. 

Page   15-1-7  and   15-1-8,  Art.  20,   Sec.  A: 
Revise   (a)   to  read: 

(a)  To  the  axle  loads  specified  in  Art.  18,  Sec.  A,  there  shall  be  added  impact 
forces,  which  equal  the  following  percentage  of  the  axle  loads: 

1.  For  rolling   equipment  without  hammer   blow    (diesels,   electric   locomotives, 
tenders  alone,  etc. ) : 

For  L  less  than  80  ft    ^^  +  40  -      ff;" 

T^  r      o^     r  100        ,      .^.     ,  600 

t  or  L  80  rt  or  more    — ^ —  -f  lb  +  -j — 

2.  For  steam  locomotives  with  hammer  blow: 

A.  For    beam    spans,    stringers,    girders,    floorbeams,   posts    of   deck   truss    spans 
carrying  load  from  floorbeam  only,  and  floorbeam  hangers: 

For  L  less  than   100  ft     -^  -f  60  -       -^^ 

S  500 

For  L   100  ft  or  more    ~-  +  10  +    j^^^q 

^     ^  100     ,    ,^   ,       4000 

B.  V  or  truss  spans   — ^ —  +  15  +    t    \    oK 
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where    S  ^  distance  center  to  center  of  beams,  girders  or  trusses,  u.sed   singly  or  in 
groups. 

L  =  length,  in  feet,  center  to  center  of  supports  for  stringers,  transverse 
floorbeams  without  stringers,  longitudinal  girders  and  trusses  ( main 
members ) ,  or 

L  =  length,  in  feet,  of  the  longer  adjacent  supported  stringers,  lougitucHnal 
beam,  girder  or  truss  for  impact  in  floorbeams,  floorbeam  hangers,  sub- 
diagonals  of  trusses,  transverse  girders,  supports  for  longitudinal  and 
transverse  girders  and  viaduct  columns. 

Change   (b)   to  (c)   and  inseit  a  new   (b)   to  read  as  follows: 
(b)   The  impact  forces  for  ballasted-deck  bridges  shall  be  not  less  than  0.9  of 
such  forces  for  open-deck  bridges. 

Page   15-1-29,  Art.   121,  Sec.  A: 

Substitute  the  following  for  the  second  paragraph: 

Field  contact  surfaces  shall  not  receive  a  protective  coating. 

Page   15-1-49,  Art.  31(a)3,  Appendix  B: 

In  the  first  Une,  .substitute  13,500  for  13,000. 

Page   15-1-^0,  Art.  41,  Appendix  B: 

In  the  last  paragraph,   third  line,  substitute  11.7   for   12.3. 

Page   15-1-54,  Art.  57,  Appendix  B: 

Next  to  the  last  paragraph  in  the  equation,  change  81.7  to  78.2. 

Pages   15-5-1   to   15-5-6,  incl. 

SPECIFICATIONS   FOR   THE   ERECTION   OF   STEEL   RAILWAY   BRIDGES 

Page   15-5-4,  Art.   12: 

Substitute  for  the  words  ".shall  be  cleaned"  in  the  fourth  and  fifth  lines,  the 
following:  "shall  be  thorough!}'  wire  brushed  to  remo\'e  loose  rust  and  loose  mill 
scale." 

Pages    15-7-3   to    15-7-8,   incl. 

RULES   FOR  RATING  EXISTING  IRON  AND  STEEL  BRIDGES 

Page  15-7-5,  Art.  8: 

Revise    (b)    by  inserting  after  the  word   "roll"  the  term  — ^ — . 

Pages   1-4-25  to   1-4-32.1,  incl. 

SPECIFICATIONS    FOR   CORRUGATED   STRUCTURAL   PLATE    PIPE, 
PIPE-ARCHES   AND  ARCHES 

Page   1-4-25,  Art.   1,  Sec.   B: 

In  the  first  paragraph,  substitute  the  following  for  the  fourth  sentence: 

"Plat?s  shall  be  furnished  in  standard  sizes  to  permit  structure  length  incre- 
ments of  2  ft." 

Page   1-4-25,   Art.   2,   Sec.   B: 

In  the  first  line,  insert  tile  words  "or  liasic  oxygen"  after  the  word  "open- 
hearth." 
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Page  1-4-26,  Art.  4,  Sec.  B: 
Insert  a  new  article  as  follows: 

4.  Physical  Properties 

(To  be  published  on  further  study) 

Page  1-4-26,  Arts.  4,  5,  6  and  7,  Sec.  B: 

Change   the  current  articles  to  5,  6,  7   and  8,   respectively. 

Pages  1-4-26  and  1^-27,  new  Art.  8,  Sec.  B: 

At  the  end  of  the  first  sentence  before  the  period,  insert  the  words  "to  conform 
to  the   requirements   of  the   current  ASTM   Specifications,   designation  A    153." 
Revise  the  last  paragraph   to  read: 
"Bolt  heads  and  nuts,  shaped  to  provide  adequate  bearing,  shall  be  used." 

Page  1-4-27,  Arts,  8  and  9,  Sec.  B: 

Change  the  current  articles  to  9  and  10,  re.spectively. 

Page  1-4-27,  Art.   1,  Sec.  C: 

Delete  the  last  sentence  of  the  last  paragraph. 

Pages   1-4-28  to  1-4-32.1,  inch.  Sees.  D,  E  and  F: 

Substitute  for  these  sections.  Sees.  D,  E  and  F,  published  on  pages  348  to  352, 
inch.   Proceedings  Vol.  67,  except  as  modified  as  follows: 

Page  348,  Art.  1,  Sec.  D: 

In  the  second  line,  change  the  word  "pipe"  to  "structure";  and  in  the  third 
line,  insert  ",  pipe-arch  or  arch"  after  the  word  "pipe." 

Page  349,  Art.   1,  Sec.  D: 

In  the  definition  of  R,  add  the  following:  "i.e.,  the  radius  of  circular  pipe  or 
an   arch,  or  one-half   the  span  for  a  pipe-arch." 

Page  350,  Art.   l.d..  Sec.  D: 

Substitute  for  the  definition  of  D,  "Equivalent  diameter  in  inches;  i.e.,  diameter 
in  inches  for  circular  pipe;  periphery  in  pi  inches  for  pipe  arches;  and  twice  the 
radius  in  inches   for   arches." 

Page  350,  Art.  I.e.,  Sec.  D: 

In  the  first  line,  change  the  word  "pipe"  to  "structure"  and  in  the  second  line 
insert  the  word  "equivalent"  before  the  word  "diameter." 

Delete  the  third  line,  and  in  its  place,  substitute  a  paragraph  which  reads: 

"The  height  of  cover  shall  be  not  less  than  one-fourth  the  equivalent  diameter 
of  the  structure;  and  shall  be  not  less  than  2  ft  below  the  bottom  of  ties." 

Page  350,  Art.  l.f..  Sec.  D: 

Insert  after  Art.   I.e.,  the  following: 

f.  Computation  of  Soil  Pressures: 

From  the  ring  compression  formula  P  =:  C/R,  determine  the  pressure  required 
for  support  from  the  soil. 

In  pipe-arch  structures,  the  comer  pressure  can  be  the  limiting  factor,  using 
R  as  the  radius  of  the  corner  plates  in  feet. 

Select  and  compact  material  to  withstand  this  pressure. 

Page  351,  Gage  Table,  Sec.  D: 

In  the  caption,  delete  the  words  "FOR  STRUCTURAL  PLATE  PIPE." 
In  the  caption  for  the  first  column  of  the  table,  insert  before  "Dia."  the  word 
"Equivalent." 
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In  tile  first  column,  fill  in  the  missing  line.s  with  15,  16,  18  and  19,  and  center 
the  column  of  figures,   deleting  the  underscoring. 

In  the  second  column,  captioned  12  Ga.,  change  the  lower  limit  for  6  ft  from 
3  to  2  and  for  7  ft  from  4  to  3. 

In  tlie  tliird  column,  captioned  10  Ga.,  change  the  lower  limit  for  6  ft  from 
3  to  2;  for  7  and  8  ft,  from  4  to  2;  for  9  and  10  ft,  from  5  to  3;  and  for  11  ft  from 
5  to  4. 

In  the  fourth  column  captioned  8  Ga.,  change  the  lower  limit  for  6  ft  from  3 
to  2;  for  7  and  8  ft,  from  4  to  2;  for  9,  10,  11  and  12  ft,  from  5  to  3;  and  13,  14 
and  15  ft,  from  5  to  4. 

In  the  5di  to  10th  columns,  incl.,  change  the  lower  limit  for  6  ft  from  3  to  2; 
for  7  and  8  ft,  from  4  to  2;  for  9,  10,  11  and  12  ft,  from  5  to  3;  and  for  13,  14, 
15  and   16  ft,   from  5  to  4. 

Add  the  following  under  the  table: 

NOTES:  SF  =  4  for  ring  compression;  FF  =  0.02;  Minimum  Covers  (Equiv- 
alent Diameter  )/4  but  not  less  than  2  ft. 

Page  351,  Art.  4,  Sec.  D: 

In   the   caption,   change   tlie   word   "Pipe"  to  "Structure." 

In  die  first  line,  insert  after  the  word  "pipe,"  the  following:  ",  pipe-arch  or 
arch." 

Page  351,  Art.  5,  Sec.  D: 
Add  a  new  Art.  5  as  follows: 

5.  Skewed  Structures 

Whenever  the  skew  angle  exceeds  30  deg  for  structures  provided  with  head- 
walls,  the  end  plates  shall  be  anchored  to  the  headwalls  with  not  less  than  ?4-in- 
diameter  hook  bolts  on  appro.ximately  18-in  centers.  When  the  skew  angle  exceeds 
20  deg  and  the  structure  has  the  ends  cut  to  fit  a  slope,  the  ends  shall  be  reinforced 
with  masonry. 

Page  351,  Art.   1,  Sec.  E: 

In  the  third  paragraph,  first  line,  change  the  word  "Pipe"  to  the  words  "The 
structure." 

Page  352,  Art.  2,  Sec.  E: 

In  the  first  paragraph,  4th  and  9th  lines,  change  the  word  "pipe"  to  "struc- 
ture"; 11th  line,  change  the  word  "pipe"  to  "structure"  where  it  appears  for  the 
first  time  and  change  the  words  "pipe  sides"  to  read:  "sides  of  the  structure";  12th 
and  13th  lines,  change  the  word  "pipe"  to  "structure";  14th  line,  change  the  word 
"pipe"  to  "structure"  where  it  appears  for  the  first  time;  15th  line,  insert  after  the 
word  "pipe",  the  words  ",  or  the  span  length  of  the  pipe-arch  or  arch  each  side  of 
center  line  of  structure";  and  18th,  20th  and  22nd  lines,  change  the  word  "pipe"  to 
"structure." 

In  the  second  paragraph,  first  line,  change  the  word  "pipe"  to  "structure";  and 
in  the  second  line,  insert  after  the  word  "pipe"  the  words  ,"  or  the  span  of  the 
pipe-arch  or  arch,". 

Page  352,  Art.  3,  Sec.  E: 

In  tlie  caption  add  the  following  ",  Pipe-Arches  and  Arches." 
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In    the    first    line,    insert    after    the    word    "pipe",    the    words    ",    pipe-arches 
arches." 

Page  352,  Sec.   F: 

In  the  first  and  second  lines,  change  the  word  "pipe"  to  "structure." 


Report  on  Assignment  3 
Protection  of  Steel  Surfaces 

M.  L.  KoEHLER  (chairman,  subcommittee),  E.  T.  Bond,  E.  T.  Franzen,  E.  F. 
Garland,  G.  W.  Haffey,  W.  C.  Howe,  E.  A.  Johnson,  M.  L.  McCauley, 
J.  Payne,  A.  L.  Piepmeier,  W.  E.  Robey,  R.  D.  Spellman. 

A  study  i^  being  made  to  evalaute  four  systems  other  than  paint  under  actual 
exposure  conditions  where  brine  is  present. 

In  October  1986  a  test  installation  was  completed  on  two  truss  spans  and  three 
beam  spans  subjected  to  heavy  brine  drippings.  The  floorbeam  webs  in  the  splash 
area  were  protected  with  the  following  systems: 

1.  Metallizing  with  hot  zinc  spray. 

2.  Zinc-rich  epoxy  resin   coating. 

3.  A  proprietary  coating  with  sealer. 

4.  Asbestos-bonded   sheets    attached   to   webs   with   bolts. 

The  top  flanges  and  upper  portion  of  the  bottom  flanges  of  three  beam  spans, 
and  the  stringers  in  three  panels  of  one  truss  span,  were  protetced  with  the  first 
three  systems  listed  above. 

A  test  is  also  under  way  using  similar  applications  on  7-  by  10-in  plates  bolted 
to  a  bridge  deck  located  in  a  high  humidity  area  and  exposed  to  brine  drippings. 
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Hubbard  Super  Service  Alloy  Spring  Washers 

Hubbard  Super  Steel  Alloy  Spring  Washers 

Hubbard  Track  Tools 

Hubbard  Tool  Division 

UNIT  RAIL  ANCHOR  CORPORATION 

New  York  Pittsburgh  Chicago 


t 


Unit  Rail  Anchor 

UNIT  RAIL  ANCHOR  DIVISION 


UNIT  RAIL  ANCHOR  CORPORATION 
NEW  YORK  PITTSBURGH  CHICAGO 


LEVELLING,  LINING,  TAMPING... 

in  ONE  OPERATION,  with  ONE  OPERATOR 


.ELBCTFIONIC 
REFERENCE 


. FEELER 
detects  fyosltlon 
of  frack  in  spiral 
or  curve  at  every 
tie  and  feeds 
inlormatior)  to 
"Auto-Control" 


WORKING 
SHADOW  BOARD 
controls  lining  at 
point  where 
lining,  levelling 
and  tamping^ 
Is  done. 


RECEIVER 
BUOQY 
"Auto-Control" 
continuously 
positions 
receivers 
electronically  to 
satisfy  Ideal  curve 
requirements  and 
establishes 
required  amount 
of  track 
correction. 


The  Autojack  Electromatic 
with  Autoliner  leads  the  way 
through  these  advantages: 

9  Gives  the  highest  possible  degree  of  accuracy  by  electronic 
beams  projected  100  feet  in  advance  of  where  levelling, 
lining  and  tamping  are  taking  place. 

•  Automatic,  continuous  operation  for  both  tangent  and 
curve  track.* 

•  No  plotting  of  spirals  or  curves  required.  Machine  computes 
as  it  runs  for  the  best  transition. 

•  No  disturbing  or  humping  of  track  —  lining  takes  place 
simultaneously  with  lifting  and  tamping  ahead  of  tamping 
tools. 

•  With  the  Autoliner,  it  is  possible  to  make  a  minute  throw 
and  have  it  stay  there  because  tamping  is  done  in  correct 
alignment. 

•Model  ALT  for  Tangent  track  and  Model  ALC  for  Tangent 
and  Curve  Track,  both  available  as  attachments  for 
existing  AUTOJACK  ELECTROMATICS. 

TAMPER   INC. 

Head  Office  &  Plant— 2401  Ed- 
mund Rd.,  West  Columbia  (Colum- 
bia),   S.    C. 

29169    .  803/794-9160 
Plant  — 160    St.    Joseph    Blvd., 
Lachine   (Montreal),   Que.,   Canada 
.   514/637-5531 

Parts  Depot — 2147  University 
Ave.,  St.  Paul,  Minn,  55115  • 
612/5055 

Information  on  the  Autoliner  and  Auto- 
jack Electromatic— or  other  track  main- 
tenance machines,  Is  available  on 
request. 


THE  DOUBLE  U  RAIL  ANCHOR 

ACHUFF  RAILWAY  SUPPLY  CO. 
ST.  LOUIS,  MO. 


Assure  lower  maintenance  costs, 
better  performance  with... 


TEXACO 

Petroleum  Products  and 

Systematic  Engineering 

Service 


TEXACO  INC. 

RAILWAY  SALES  DIVISION 


135  East  42nd  St.,  New  York  17,  N.  Y. 
NEW  YORK  .  CHICAGO  •  SAN  FRANCISCO  •  ST,  LOUIS  •  ST.  PAUL  •  ATUVNTA 


NEW  and  RELAYING 

RAIL 

Switch  Material  ♦  Tools 
Track  Accessories 

PILING 

Rentot  Steel-Sheet  Piling 
Pipe  Pile  •  H-Bearing  Pile 

PIPE 

Tested  and  Structural 

All  Sizes  1/8"  thru  48" 

Valves,  Fittings,  Flanges 

tmmexiiaie  delivery 

from  Poster's  nationwide 

warehovse  stocks. 


Specialists  to  the  Railroads 


ILIBMiMMEco. 


Offices    &    Warehouses 
in    28    major    cities. 
Refer    to    yellow    pages 
or    write: 


:.2I 


/  forKway  Center,   Pittsburgh  15220 


p.    &    M.    PRODUCTS 

•  IMPROVED    FAIR    Rail  Anch 

•  XL-1  FAIR  Rail  Anchors 

•  FAIR-FLEX  Concrete  Tie  Fa 

RAIL   JOINT   PRODUCTS 

•  Rajo  Joints 

•  Rajo  Insulated  Joints 

•  Rajo  Connpromise  Jomts 

•  Rajo  F'bre  Insulation 

MAINTENANCE    EQUIPMENT    PRODUCTS 

•  Meco  Rail  and  Flange  Lubricators 


PEERLESS    EQUIPMENT    PRODUCTS 


•  Draft  Gea 


1799AB 


IN    CANADA: 

The  P.   i  M.   Company  Limited 


PRODUCTS  OP  PROGRESS 


POOR    &    COMPANY 

Railway  Products  Division,  80  E.  Jaclcson  Blvd.,  Chicago,   III, 
90  West  Street,  New  York,   N.  Y.  10006 


\Tj  woodings-verona  tool  works 

^^r  Pioneer  Manuiacturers 

o^ 
HIGH  GRADE  TRACK  TOOLS 

and 

SPRING  WASHERS  FOR  TRACK 

Since  1873 


VERONA.  PA. 


CHICAGO,  ILL. 


w 

WOODINGS  FORGE  &  TOOL  COMPANY 

Makers 

oi 

WOODINGS  RAIL  ANCHORS 

VERONA.  PA. 

CHICAGO. 

ILL. 

^'X-t-e-ft'd    i'l-Q  JI-I'^'q! 
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USE  TIE  PLATE 
lOQK  SPIKES 


^E_.^u 

is 

^^;..   ^ 

A^^^ 
^    fl 

One-piece  Design 

LOCK  SPIKES  hold  tie  plates  firmly  in  place  on 
cross-ties  and  bridge  timbers. 

LOCK  SPIKES  are  quickly  and  easily  driven, 
or  removed,  with  standard  track  tools. 

Driven  to  refusal,  the  spread  shank  is  com- 
pressed by  the  walls  of  the  hole.  Tie  plates  are  held 
against  horizontal  and  vertical  movement  under 
spring  pressure.  Play  between  the  spike  and  the 
hole  is  eliminated — abrasion  and  seating  of  tie 
plates  is  overcome. 

LOCK  SPIKES  hold  their  position  in  the  tie, 
and  redriving  to  tighten  the  plate  is  not  required. 
They  provide  a  quiet  and  strengthened  track. 

Annual  cost  of  ties  and  maintenance  expense  is 
reduced  by  extending  the  life  of  ties  and  holding 
gage.  Here  is  one  answer  to  conservation  of  ma- 
terials and  labor.  Write  for  free  folder. 

BERNUTH,  LEMBCKE   CO.,  INC. 

420  Lexington  Avenue,  New  York  17,  N.  Y. 


Actual 
Size 


for  less  than 

H30, 

an  efficient, 

high-quality 

rail  drill 


Racine   Rail   Drill 

with  automatic  feed 

—  less  than  $600 

Automatic  power  feed  assures  proper 
teed  rate  regardless  of  web  thick- 
ness or  drill  size.  Spring  pressure  ar- 
rangement prevents  drill  damage  by 
reducing  feed  as  drill  becomes  dull 
or  when  hard  spots  are  encountered. 
For  top  efficiency,  specify  Racine 
Model-A  Automatic  Feed   Rail   Drill. 


The  new  Racine  Manual  Feed  Rail  Drill  gives  you  all  the  work- 
saving,  cost-cutting  features  of  the  popular  automatic  drill 
(less  power  feed)  at  an  exceptionally  low  price. 

You  still  get  the  exclusive  self-aligning  track  clamp,  positive 
chain  drive,  quick-change  drill  holder,  spirit-level,  and  heavy- 
duty  bearings  throughout.  A  torque  clutch  prevents  damage 
to  bit  or  engine  due  to  overfeeding. 

You  also  get  such  advantages  as  faster  operation  (drills  holes 
up  to  IVa"  dia.  in  less  than  2  minutes),  easy  positioning  and 
adjustment  without  wrenches,  rugged  construction,  and  husky 
4-cycle  engine. 

For  precision  rail  drilling  at  lowest  initial  cost,  specify  the  new 
Racine  Model-M  Manual  Feed  Rail  Drill.  Call  your  Racine  dis- 
tributor or  write  for  details.  20-22. 


______  RACINE  HYDRAULICS  &  MACHINERY,  INC. 

%;f^^l||^|^  MACHINERY  DIVISION  RACINE,  WISCONSIN  53404 


Racine  has  the  tool  for  the  job 

ANCHOR-FAST  ■  ANCHOR-TIGHT  •   RAIL  SAW  •   RAIL  DRILL  •   KROP-MASTER    •   OIL  PRESSOR    •    UNIT  TAMPER    •   TRACK  GAUGER 


ECONOMICAL  TRACK  DRAINAGE 

... [Q^V^ Ballast  Cleaning 


The  transformation  in 
drainage  conditions  shown 
in  these  photos  was 
accomplished  with  a 
SPENO  Ballast  Cleaning 
Machine . . .  Time  Tested 
—  and  Proved  — Year 
^fter  Year  on  the  railroads 
of  the  Nation. 

For  just  a  few  pennies 
per  track  foot  you  can 
have  good  track  drainage 
that  saves  maintenance 
dollars. 


Cross-Section  showing  good  drainige  after  cleaning  with  SPENO  Ballast  Cleaner. 


Write  or  telephone  for  a  Ballast 
Cleaning  program  for  your  railroad. 


Canadian  Sales  Representative:  The  Holden  (>).  Limited,  614  SL  James  $L  W, 
Montreal  3,  Quebec,  Canada    Phone:  514  849-8131 


THE  TRASCO  CAR   RETARDER 

HUNDREDS  IN  SERVICE 
IN  CLASS  YARD  TRACK 


TRACK  SPECIALTIES  COMPANY 


P.O.  BOX  729 


WESTPORT,   CONNECTICUT 
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The  reports  in  this  issue  of  the  Bulletin  will  be  presented  to  the  1967  Annua] 
Meeting  of  the  Association  at  the  Conrad  Hilton  Hotel,  Chicago,  March  9-10, 
1967.  Comments  and  discussion  with  respect  to  any  of  the  reports  are  solicited, 
and  should  be  addressed  to  the  chairman  of  the  committee  involved,  in  writing, 
in  advance  of  the  Meeting,  or  from  the  floor  during  the  Meeting. 


The  contents  of  this  Bulletin  and  the  other  Bulletins  of  the  Association  from  Bulletin 
601,  September-October  1966,  to  and  including  Bulletin  607,  June-July  1967,  (except  Bulletin 
606,   March   1967),  will  constitute  the  Annual  Proceedings  of  the  Association,  Vol.   68. 
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Committee 


( E )  Members  Emeritus 

t  Deceased. 

Those  whose  names  are  shown  in  boldface,  in  addition  to  the  chairman,  vice  chairman 
and  secretary-,  are  the  subcommittee  chairmen,  and  those  designated  by  asterisks  constitute  the 
Engineering    £>i\'ision,    AAR,    Committee    5. 

To   The  American  Railway  Engineering  Afisociation: 

Your  committee  reports  on  the  following  subjects: 

1.   Re\ision  of  Manual. 

Progress  report,  with  recommendations  submitted  for  adoption   page  358 


2.  Track  tools,   collaborating  with  Purchases  and  Stores  Division  AAR. 
Progress  report,  with  recommendations  submitted  for  adoption    .... 


page  359 


3.  Standardization   of   trackwork   plans,   collaborating    with    Coniminiica- 
tion  and  Signal  Section,  AAR. 

Progress  report,   submitted  as  information,   including,  as   Appendix  I, 
report  by  AAR  Research  Center  entitled  "Switch  Plate  Lubrication"  .   page  360 

5.  Tie  plates,  collaborating  with  Committees  3  and  4. 

No  report  is  being  made  at  this  time  because  no  inspection  was  made 
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in  1966  of  the  Oakdale  test  on  the  Pennsylvania  Railroad  of  the 
rubber  abrasion  plates.  The  committee  has  been  cooperating  with  the 
AAR  Research  Center  and  is  awaiting  results  of  the  test  to  make  a 
progress  report. 

6.  Hold-down    fastenings    for    tie    plates,    including    pads    under    plales/: 
collaborating  with  Committee  3. 

Brief  progress  statement  on  current  work  and  final  report  on  L  &  N 

service  test,  presented  as  information   page  363 

7.  Effect   of   lubrication   in    preventing   frozen   rail   joints   and   retarding 
corrosion  of  rail  and  fastenings. 

No  report  at  this  time.  An  inspection  of  the  service  test  on  the 
C&NW  Ry.  near  Low  Moor,  Iowa,  with  the  cooperation  of  AAR 
Research  Center  will  be  made  in  1967.  Your  committee  will  submit 
a  final  report  in  1968. 

9.  Special   requirements  of  track  construction  and  maintenance  due  to 
operation  of  equipment  with  high  center  of  gravity  and/or  hydrau- 
lically  cushioned  underframes. 
Progress  report,  submitted  as  information   page  365 

10.  Modern  methods  of  heat-treating  carbon  steel  trackwork  and  repair- 
ing such  trackwork  by  welding. 

The  results  of  the  Mannheim,  111.,  service  tests  on  the  Chicago,  Mil- 
waukee, St.  Paul  &  Pacific  Railroad  were  published  in  November 
1964,  ER  Report  51.  This  subject  is  being  studied  to  determine  what 
are  the  best  welding  procedures  for  building  up  the  batter  on  the 
tread  comers  with  different  variations  in  heat  treatment  or  metal- 
lurgy. Your  committee  will  submit  a  final  report  for  Manual  material 
in  1968. 

12.  Procedure  and  specifications  for,  and  economics  to  be  derived  from, 
building  track  by  the  panel  method. 

Study  is  in  progress.  Several  railroads  are  building  track  by  the  panel 
method.  Your  committee  does  not  have  sufficient  information  to 
present  a  report  at  this  time. 

The  Committee  on  Track, 

C.  E.  Peterson,  Chairman. 
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Cugenc  Mlitmar  Carutfjcris 

1880=1966 

Eugene  Witmer  Caruthers,  retired  assistant  engineer  of  the  Pennsylvania  Rail- 
road, died  on  July  31,  1966,  at  Philadelphia,  Pa.  He  is  survived  by  his  wife,  Mary 
Bucker,  three  sons  and  one  daughter. 

Mr.  Caruthers  was  born  December  8,  1880  at  Paradise,  Lancaster  County,  Pa. 
His  early  education  was  obtained  at  local  schools. 


i 


Track 357 

Mr.  Caruthers  started  his  railroad  career  in  1898  as  a  draftsman  in  the  design 
division  of  the  Baldwin  Locomotive  Works.  After  a  short  stay  at  Baldwin  and  later 
on  the  New  York  Central,  he  entered  the  service  of  the  Norfolk  &  Western  Railway, 
designing,  snr\e)ing  and  hiNing  out  new  branch  lines.  On  July  ]7,  1905,  he  entered 
the  ser\ice  of  the  Penns\'lvania  Railroad  as  a  draftsman  on  the  New  York  Connect- 
ing Railroad.  After  almost  45  years  of  faithful  service,  he  retired  from  the  Penn- 
sylvania as  an  assistant  engineer  in  the  chief  engineer's  office,  February  1,  1950. 
After  retiring  from  the  railroad,  he  spent  five  years  as  sales  engineer  with  Eaton 
Manufacturing  Company. 

Mr.  Caruthers  became  a  member  of  the  Track  Committee  of  the  AREA  in  1928 
and  was  elected  Member  Emeritus  in  1954.  His  colleagues  will  remember  him  for 
his  willingness  to  give  freely  of  his  time  and  efforts  to  further  the  committee's  work, 
his  pleasing  personality  and  keen  sense  of  humor.  He  lived  a  full  and  usefid  life, 
de\oted  to  his  family  and  his  work. 

M.  P.  Moore 
L.  A.  Pelton 
Committee  on  Memoir 


iWilton  STamcg  J^aisiSLXi 
1902=1966 

Milton  James  Hasson,  vice  president  in  charge  of  engineering.  Weir  Kilby  Cor- 
poration-Taylor-Wharton  Company,  passed  away  on  September  23,  1966  at  the 
age  of  64. 

Mr.  Hassan  was  actively  engaged  in  the  railroad  trackwork  industry  for  almost 
45  years,  serving  in  various  engineering  and  production  capacities.  He  started  his 
career  with  American  Frog  and  Switch  Company,  after  which  he  joined  the  Weir 
Kilby-Taylor-Wharton  organization.  For  a  number  of  years  he  operated  the  Birming- 
ham plant  of  Weir  Kilby  and  then  returned  to  Cincinnati  as  vice  president — engi- 
neering and  production.  He  made  many  engineering  contributions  in  the  interest  of 
railroad  trackwork. 

Mr.  Hassan  joined  the  AREA  in  October  1948  and  became  a  member  of  Com- 
mittee 5 — Track,  in  January  1954.  He  was  an  active  participant  in  and  gave  gen- 
erously of  his  time  to  committee  work. 

Mr.  Hassan  was  greatly  respected  and  admired  by  all  who  knew  him  and  liis 
advice  and  knowledge  of  the  industry  was  continually  requested.  He  had  several 
hobbies,  including  collections  of  coins  and  sea  shells,  and  he  was  an  enthusiastic 
and  avid  golfer. 

Members  of  the  Track  Conmiittee  sincerely  regret  his  passing  and  will  miss  their 
pleasant  associations  with  him. 

K.  H.  Von  Kampen 
O.  F.  Magnus 
Committee  on  Memoir 
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^llan  €.  ji^aptDOob 
1897=1966 

Allan  E.  Haywood,  retired  assistant  engineer  maintenance  of  way,  Grand  Trunk 
Western  Railroad,  died  at  the  Lakeview  General  Hospital,  Battle  Creek,  Mich.,  on 
January  13,  1966.  He  is  survived  by  his  wife,  Bonnie;  a  brother,  Edward;  two 
daughters,  Mrs.  Barbara  Lake  and  Mrs.  Carolyn  Rupel;  and  a  son,  Allan,  all  of 
Battle  Creek., 

Mr.  Haywood  was  born  in  Port  Huron,  Mich.,  June  2,  1897,  and  entered  the 
service  of  the  Grand  Trunk  Western  in  1911  while  a  student.  In  1917  he  started 
work  as  a  draftsman  in  the  engineering  department  at  Battle  Creek,  and  the  next 
year  was  advanced  to  assistant  engineer.  He  was  appointed  assistant  engineer  main- 
tenance of  way  in  1948  and  worked  in  this  capacity  until  his  retirement  on 
June  2,  1962. 

Mr.  Haywood  joined  tlie  American  Railway  Engineering  Association  in  1924 
and  became  a  Life  Member,  January  1,  1959.  He  was  an  active  member  of  Com- 
mittee 5 — Track,  from  1950  to  1965.  The  committee  expresses  its  sympathy  and 
sorrow  in  his  death. 

Bernard  Post 
C.  W.  Wagner 
Committee  on  Memoir 


Report  on  Assignment   1 
Revision  of  Manual 

C.  D.  Davis  (chairman,  subcommittee),  J.  E.  Campbell,  A.  F.  Huber,  G.  G. 
Knupp,  L.  a.  Pelton,  G.  H.  Perkins,  C.  E.  Peterson,  J.  M.  Salmon,  Jr., 
G.  R.  Sproles,  V.  M.  Schwing,  K.  H.  von  Kampen,  M.  J.  Zeeman. 

Your  committee  submits  for  adoption  tlie  following  action  with  respect  to  Para- 
graph 1  of  TEMPERATURE  EXPANSION  FOR  LAYING  RAILS,  Manual  page 
5-5^.3,  to  bring  this  material  in  accord  with  the  instructions  on  page  5-5-2  of 
the  Specifications  for  Laying  Rail: 

Paragraph  1,  page  5-5^.3,  change  to  read: 

"When  laying  rails,  a  rail  thermometer  shall  be  used  to  ascertain  the  tempera- 
ture of  the  rail,  and  in  making  the  reading  it  shall  be  placed  on  the  rail  base  on 
the  side  away  from  the  sun.  This  reading  shall  be  taken  periodically  during  the 
day  as  the  temperature  of  die  rail  can  change  decidedly  from  the  early  morning 
hours   to   the   later  afternoon  hours,   in  winter  as   well  as   in  summer-time  laying." 
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Report   on    Assignment   2 

Track  Tools 
Collaborating    with    Purchases   and    Stores    Division,   AAR 

T.  L.  BiGGAR  (chairman,  .subcommittee),  C.  D.  Archibald,  W.  E.  Billingslev, 
K.  L.  Clark,  W.  E.  Cornell,  L.  D.  Freeman,  L.  R.  Hall,  M.  P.  Moore, 
G.  Perko,  C.  E.  Peterson,  J.  A.  Pollard,  Bernard  Post,  V.  M.  Schwing, 
J.   J.  Vereen,  Jr. 

For  several  years  suppliers  have  lieen  hirni.shinji  the  36-in  spike  maul  and 
sledge  handles  with  a  4-in  eye  instead  of  the  5-in  and  5/2-in  eye  as  required  b\- 
AREA  Plan  25-62.  Your  committee  has  made  a  thorough  study  of  this  matter  and 
now  recommends  the  deletion  of  Plan  25-62,  AREA  Track  Tool  Handles,  from  the 
Manual  and  the  adoption  in  its  stead  of  Plan  25-67,  Track  Tool  Handles,  presented 
herewith.  This  plan  provides  for  one  36-in  handle  with  a  4-in  eve  for  use  with 
both   the  spike  maul  and  the  sledge. 
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Plan  25-67— AREA  track  tool  handles. 
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Report  on  Assignment  3 

Standardization  of  Trackwork  Plans 

Collaborating   with   Communications   and   Signal   Section,  AAR 

C.  |.  McCoNAUGHY  (chairman,  subcommittee),  C.  R.  Alberts,  W.  P.  Beeslev, 
T.  L.  BiGGAR,  W.  R.  BjORKLUND,  E.  H.  Blank,  j.  R.  Bowman,  L.  E.  Brault, 
|.  E.  Campbell,  K.  L.  Clark,  J.  W.  Clarke,  J.  P.  Collins,  C.  D.  Davis, 
A.  D.  DeMoss,  L.  D.  Freeman,  C.  L.  Gatton,  B.  J.  Gordon,  V.  C.  Hankins, 
C.  N.  Harrub,  E.  C.  Honath,  B.  ].  Johnson,  R.  A.  Kelso,  L.  T.  Klauder, 
R.  E.  KusTON,  E.  ].  LisY,  J.  G.  Martin,  T.  D.  Mason,  P.  R.  Matthews, 
G.  H.  Maxwell,  M.  P.  Moore,  C.  W.  Morrison,  T.  C.  Netherton,  G.  A. 
Payne,  B.  E.  Pearson,  C.  A.  Peebles,  L.  A.  Pelton,  G.  H.  Perkins,  G.  Perko, 
C.  E.  Peterson,  S.  H.  Poore,  J.  A.  Pollard,  L.  E.  Porter,  B.  Post,  R.  P. 
RoDEN,  T.  M.  Salmon,  A.  J-  Schavet,  R.  N.  Schmidt,  V.  M.  Schwing,  R.  D. 
Simpson,  G.  R.  Sproles,  F.  ].  Swoboda,  R.  E.  Tew,  R.  W.  Tipper,  A.  C. 
Trimble,  J.   |.  Vereen,  K.  H.  von  Kampen,  I.  V.  Wiley,  M.  J.  Zeeman. 

Your  committee  submits  the  following  report  as  information.  It  includes,  as 
Appendix  I,  a  report  entitled  "Switch  Plate  Lubrication,"  prepared  by  the  AAR 
research  staff. 

The  proposed  revision  to  Article  14,  Bolts  and  Nuts,  of  Appendix  A,  Section 
1402  (b).  Threads,  Portfolio  of  Trackwork  Plans,  has  not  yet  been  adopted  by  the 
United  States  of  America  Standards  Institute.  When  it  is,  it  will  be  presented  for 
your  approval  for  inclusion  in  the  Portfolio. 

Our  study  of  bridge  expansion  joints  is  being  progressed  at  the  AAR  Research 
Center.  Considerable  work  is  required  in  analyzing  the  various  types  of  expansion 
joints  now  in  use,  but  it  is  anticipated  that  preliminary  findings  will  be  available 
before  March  1968. 

The  design  of  railbound  manganese  frogs  is  being  discussed  for  the  purpose 
of  finding  means  to  extend  their  service  life.  This  study  will  cover  the  life  of  rail- 
bound  frogs  before  and  after  welding.  Some  of  the  items  under  consideration  are: 
widening  the  point,  increasing  the  slope  of  the  flangeway  walls  to  reduce  How,  and 
widening  the  throat  of  manganese  casting  on  the  toe  end.  Prehardening  of  the 
manganese  insert  castings  of  railbound  frogs  is  being  tested  and  to  this  time  has 
shown  satisfactory  results. 

Various  recommendations  have  been  made  with  respect  to  developing  specifica- 
tions for  the  repair  of  manganese  castings  by  welding  in  the  field.  Study  is  under 
way,  and  in  due  course  we  should  have  some  data  for  further  consideration. 

The  railbound  manganese  frog  study  will  also  have  an  effect  on  guard  rail 
design.  Due  to  the  increased  train  speeds,  the  flare  on  the  wings  of  both  the 
rigid  and  spring-rail  frogs,  as  well  as  the  flare  on  the  guard  rail,  are  considered 
to  be  too  short.  The  heavy  impact  on  tlie  short  flares  or  tapered  approaches  has  a 
detrimental  effect  on  the   track  structures. 

The  letter  submitted  to  all  chief  engineers  by  R.  R.  Manion,  vice  president. 
Operations  and  Maintenance  Department  of  the  AAR,  citing  the  various  derailments 
that  have  occurred  on  spring-rail  frogs,  has  been  forwarded  to  Committee  5  for 
reviewing.  A  study  is  being  made  by  a  special  committee  to  develop  improvements 
in   design  and   reduce  maintenance  problems. 

AREA  Plan  No.  791-59,  "Table  of  Practical  Gages  and  Flangeways  for  Curved 
Track,"  is  being  reviewed  with  the  thought  of  simplifying  the  data  shown  on  this 
plan   and  other  related  plans. 
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E.  W.  Hodgkins,  executive  secretary,  referred  to  Committee  5  correspondence 
from  G.  M.  Magee,  director  of  engineering  research,  AAR,  commenting  on  the 
AAR  Mechanical  Di\  ision  ^^'heels  and  Axles  Committee's  recommendations  to  adopt 
one  standard  tread  and  flange  contour  for  new  steel  wheels  on  freight  cars.  It  pro- 
posed turning  the  wide-flange  wheels  to  the  narrow  flange  without  remounting, 
e%en  though  the  wide-flange  wheels  are  mounted  closer  back-to-back  than  the 
narrow-flange  wheels.  Committee  5  concurred  with  Mr.  Magee's  findings  on  the 
potentialh'  detrimental  eflect  of  this  practice  on  the  track  structures.  The  proposed 
change  has  been  approved  by  the  \oting  representatives  of  the  Mechanical  Division 
and  is  now  standard  practice. 


Appendix   I 
Switch   Plate   Lubrication 

At  the  request  of  the  AAR  Communication  and  Signal  Section,  an  investigation 
was  started  at  the  AAR  Research  Center  to  develop  infonnation  concerning  the 
operation  of  s\\itches.  Since  quick-drying  materials  are  needed  to  avoid  time  lost 
while  lubricants   are  dr>-ing,  the  dr\-t>'pe  graphite  lubricants  were  the  ones  tested. 

Since  early  1963,  17  separate  tests  of  graphite  lubricants  have  been  conducted 
in  a  speciall)-  designed,  switch-plate  slippage  machine  (see  accompanying  illustra- 
tion). The  Slippage  machine  is  actualh'  a  portion  of  a  switch  assembly  and  is  de- 


Switth   plate   iubricatiun   machine. 
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signed  to  evaluate  the  lubricating  and  endurance  qualities  of  the  lubricants  applied 
to  the  switch  plates. 

The  17  te^ts  already  conducted  were  of  graphite  lubricants  of  varying  composi- 
tion and  formulation  submitted  from  several  companies,  including  The  Joseph  Dixon 
Crucible  Compan\-,  Asbupv  Graphite  Mills,  Superior  Graphite  Company,  and  Ache- 
son  Colloids  Company.  As  newer  formulations  and  materials  are  developed,  it  is 
anticipated  they  will  be  investigated  in   the  slippage  machine. 

The  accompanving  summarv  of  the  switch-plate  lul)rication  tests  sliows  the 
lubricants  tested  and  the  characteristics  of  each,  such  as  drying  time,  average  force 
to  throw  the  test  switch  and  condition  of  the  lubricant  after  the  15,000-cycle  test. 

The  accompanying  graph  shows  a  comparison  of  improved  or  later  products  to 
the  first  or  earlier  products  of  three  companies. 


Report   on   Assignment  6 

Hold-Down    Fastenings   for   Tie    Plates,    Including 
Pads   Under  Plates 

Collaborating   with   Committee   3 

E.  C.  HoNATH  (chairman,  subcommittee),  L.  R.  Hall,  C.  N.  King,  O.  F.  Magnus, 
C.  A.  Peebles,  L.  A.  Pelton,  B.  Post,  R.  N.  Schmidt,  V.  M.  Schwing,  C.  W. 
Wagner,  M.  J.  Zeeman. 

Your  committee  is  collaborating  with  Committee  3  in  developing  specifications 
for  the  design,  materials,  construction  and  inspection  of  prestressed  concrete  ties, 
including  the  necessary  fastenings.  It  is  anticipated  that  this  work  will  be  completed 
ne.xt  \'ear  and  a  specification  will  be  presented  for  adoption  in  the  Manual  in  1968. 


Your  committee  submits  the  following  final  report  as  information  covering 
service  tests  of  hold-down  fastenings  and  tie  pads  on  the  northbound  main  track 
of  the  Louisville  &  Nashville  Railroad  north  of  London,  Ky.,  which  began  in  1947 
under  the  sponsorship  of  this  committee.  These  tests  were  directed  by  the  Engi- 
neering Research  Division  of  the  Association  of  American  Railroads  in  cooperation 
with  the  L&N.  The  test  track  was  selected  because  it  provided  good  traffic  density 
of  approximateh'  20  million  gross  tons  per  year  on  a  4/2-deg  curve,  0.4  miles  long, 
and  a  tangent  nearly  1  mile  in  length.  This  permitted  tlie  same  types  of  devices  to 
be  tested  on  creosoted  oak  ties  on  curves,  creosoted  oak  ties  on  tangent  and  creo- 
soted  pine  ties  on  tangent.  All  installations  were  made  on  new  ties,  with  24  ties  per 
39-ft  panel.  Some  additional  installations  were  made  after  1947,  and  in  1950  the 
next  curve  to  the  north,  a  5-deg  curve  at  East  Bernstadt,  was  taken  over  for  expan- 
sion of  the  test  area.  The  rail  section  is  131  RE  with  four-hole  joint  bars  and  the 
ballast  is  crushed  stone  of  1/2-in  maximum  size. 

Since  installation,  periodic  inspections  ha\e  laeen  made  and  progress  reports 
submitted  as  information.  It  was  necessar>'  to  terminate  the  tests  in  1963  as  the 
L&N  is  installing  centralized  traffic  control  and  will  abandon  the  test  track  for  main- 
line traffic.  The  ultimate  service  life  has  not  been  reached  on  many  of  the  installa- 
tions, but  it  is  believed  that  sufficient  data  have  been  obtained  to  permit  an  appraisal 
of  their  worth  in  service. 
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Laboratory  Tests 

While  excellent  results  ma\'  be  obtained  from  service  tests,  the  time  required 
is  so  great  that  many  products  may  be  obsolete  before  an  appraisal  can  be  made. 
When  the  engineering  laboratory  was  built  at  the  AAR  Research  Center  in  1957, 
one  of  its  purpose  was  to  make  accelerated  investigations,  and  to  that  end  it  was 
equipped  with  two  tie-wear  machines  designed  and  built  by  the  AAR  staff.  These 
machines  are  capable  under  conditions  of  continuous  operation  of  simulating,  in  a 
period  of  two  to  three  weeks,  tie  wear  comparable  to  10  years  of  service  under 
moderately  heavy  traffic. 

Acknowledgement 

The  service  test  installations  at  London  were  a  cooperative  effort,  with  the 
AAR  furnishing  the  tie  plates  (except  the  14-in  length)  and  hold-down  fastenings 
and  the  L&N  furnishing  all  labor  and  other  materials,  including  the  new  ties,  stone 
ballast  and  standard  fastenings  for  placing  in  track,  including  general  surfacing  of 
the  track.  The  tie  pads  and  some  of  the  special  fastenings  were  donated  by  the 
suppliers. 

The  Association  is  indebted  to  the  L&N  for  its  aid  in  the  initial  installations 
as  well  as  subsequent  additions  to  the  test  track  and  the  help  furnished  in  connec- 
tion with  obtaining  test  measurements  and  performing  the  maintenance  work  on  the 
fastenings.  Gratitude  is  expressed  to  the  suppliers  for  the  aid  furnished  by  them. 
The  field  and  laboratory  efforts  of  the  Research  Department  of  the  AAR  deserves 
recognition  as  they  resulted  in  the  maximum  information  being  obtained. 

Conclusions 

1.  Hold-down  fastenings  with  the  best  performance  relative  to  tie  wear  are 
superior  in  holding  gage. 

2.  Special  fastenings  involving  the  use  of  bolts,  washers  and  clips  require  more 
maintenance  to  keep  them  effective  than  more  simple  fastenings  such  as  lock 
spikes  or  studs. 

3.  Tie  plates  with  diamond  bottoms  have  some  usefulness  in  holding  gage  on 
curves,  but  have  no  such  benefit  on  tangent  and  do  not  materially  decrease 
plate  cutting. 

4.  It  is  difficult  to  establish  a  superiority  of  14-in  plates  over  13-in  plates  inso- 
far as  plate  cutting  is  concerned  but  the  14-in  plates  have  done  a  better  job 
in  holding  gage. 

5.  Tie  pads  have  protected  the  ties  from  plate  cutting,  but  only  in  the  pine  ties 
have  they  shown  any  results  to  indicate  that  an  increase  in  tie  life  might  be 
expected  from  their  use. 

6.  Tie  pads  appear  to  have  little  effect  on  gage  in  tangent  track,  but  have  a 
tendency  to  contribute  to  gage  widening  on  curves. 

7.  To  be  most  effective,  tie  pads  should  be  coated  on  the  bottom  with  a  coat- 
ing which  will  also  adhere  to  the  wood  and  provide  a  seal  against  water 
and  sand  or  other  abrasive  material  for  a  substantial  period  of  time. 

8.  A  tie  pad  should  be  not  less  than  i^u-in  thick  and  of  such  material  that  it 
will  withstand  a  static  tensile  test  of  1250  lb  longitudinally  and  500  lb 
transversely. 

9.  The  tie  wear  testing  machines  in  the  AAR  Engineering  Laboratory  provide 
results  comparable  to  service  testing  and  will  permit  evaluation  of  hold-down 
fastenings  and  tie  pads  on  an  accelerated  basis. 
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Detailed  information  relatixe  to  incliviclual  performance  and  test  data  concern- 
ing specific  items  tested  both  in  the  service  and  laboratory  tests  npon  which  the 
above  conclusions  are  based  is  reported  in  Engineering  Research  Division  AAR 
Research  Center  Report  No.  ER-54  as  well  as  in  the  following  progress  reports  in 
AREA  Proceedings:  \'ol.  49,  p.  357;  Vol.  50,  p.  595;  Vol.  51,  p.  675;  Vol.  52,  p. 
563;  Vol.  53,  p.  65;  Vol.  53,  p.  785;  Vol.  54,  p.  1047;  Vol.  55,  p.  721;  Vol.  56, 
p.  836;  Vol.  57,  p.  707;  Vol.  58,  p.  852;  Vol.  59,  p.  1035;  Vol.  60,  p.  800;  Vol.  61, 
p.  948;  Vol.  62,  p.  668;  Vol.  63,  p.  494;  Vol.  64,  p.  440;  Vol.  65,  p.  515. 


Report   on   Assignment  9 

Special    Requirements   of   Track   Construction   and   Maintenance 

Due    to    Operation    of    Equipment    with    High    Center    of 

Gravity  and/or  Hydraulically  Cushioned  Underframes 

Collaborating  with  the  AAR  Joint  Committee  on   Relation  Between 
Track  and  Equipment 

L.  W.  Green  (cliainnan,  subcommittee),  C.  R.  Alberts,  W.  P.  Beesley,  W.  R. 
BjORKLUND,  E.  H.  Bl.\nk,  y.  R.  Bowman,  L.  E.  Brault,  K.  L.  Clark,  |.  P. 
Collins,  A.  D.  De  Moss,  J.  J.  Eash,  W.  E.  Griffiths,  A.  B.  Hillman,  E.  C. 
HoNATH,  H.  W.  Jensen,  B.  J.  Johnson,  R.  A.  Kelso,  C.  N.  King,  L.  T. 
Klaixder,  R.  E.  Kuston,  R.  F.  Lawson,  J.  G.  Martin,  T.  D.  Ma.son,  G.  H. 
Maxavell,  T.  C.  Netherton,  G.  A.  Payne,  B.  E.  Pearson,  C.  A.  Peebles, 
L.  A.  Pelton,  C.  E.  Peterson,  J.  A.  Pollard,  S.  H.  Poore,  L.  E.  Porter, 
B.  Post,  Ross  P.  Roden,  J.  M.  S.^lmon,  Jr.,  A.  J.  Schavet,  V.  M.  Schwing, 
R.  W.  Tipper,  W.  J.  Wanamaker. 

The  special  requirements  of  track  construction  and  maintenance  due  to  opera- 
tion of  equipment  with  high  center  of  gravit\-  and/or  hydraidicallv  cushioned  undei- 
frames  have  been  under  discussion  by  tliis  subcommittee,  the  AAR  Joint  Commit- 
tee on  Relation  Between  Track  and  Equipment,  and  the  staff  of  the  Research  Cen- 
ter since  earlv  1964.  It  is  expected  that  the  1967  budget  for  the  Research  Center 
will  contain  an  item  for  studying  this  subject  by  actual  test  trains.  However,  it  is 
doubtful  whether  any  concrete  data  will  be  axailable  before  .some  time  in  1968 
or  later. 

In  the  meantime:  the  only  material  in  Chapter  5  of  the  Manual  regarding 
speed  on  curves  (pages  5-3-9  to  5-3-11,  incl.)  appears  to  deal  only  with  passenger 
trains  or  with  trains  in  which  the  height  of  the  center  of  gravity  does  not  exceed 
84  in.  Feeling  that  there  is  a  possibility  of  misleading  those  people  responsible  for 
establishing  the  permissible  speeds  of  trains,  it  is  felt  that  some  information  sinu'hu 
to  that  shown  below  should  be  shown  on  page  5—3-11  after  the  second  paragraph: 

"Freight  trains  made  up  of  cars  with  height  of  center  of  gravity  not  exceeding 
84  in  above  top  of  rail  mav  safely  negotiate  curves  with  3  in  unbalanced  su])er- 
ele\ation.  For  trains  containing  cars  with  height  of  center  of  gravitx  between  84 
and  100  in  above  top  of  rail  it  is  recommended  that  the  speed  be  restricted  to  tliat 
which  will  provide  for  a  ma.ximum  of  2  in  unbalanced  superelevation.  For  trains 
containing  cars  with  height  of  center  of  gravity  between  100  and  110  in  above  the 
top  of  rail  it  is  recommended  that  the  speed  be  restricted  to  that  which  will  provide 
for  a  maximum  of  1  in  unbalanced  superelevation.  For  trains  containing  cars  with 
height  of  center  of  gravitv  exceeding  110  in  it  is  recommended  that  the  speed  be 
restricted  to  equilibrium  speed." 
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The  above  reconiniendatioiis  are  presented  as  information  for  furtlier  comment 
or  criticism,  looking  toward  presenting  them  or  something  similar  for  adoption  in 
the  Manual  in  tlie  Annual  Meeting  in  1968. 

This   concludes   the  report  of  your  committee. 
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t  Died   April  28,   1966. 

Those  whose  names  are  showii  in  boldface,  in  addition  to  the  chairman,  vice  chairman 
and  secretar.',  are  the  subcommittee  chainnen,  and  those  designated  by  asterisks  constitute 
the    Engineering   Division,    AAR,   Committee   31. 

To  the  American  Railway  Engineering  Association: 

Your  committee  reports  on  tlie  following  subjects: 

1.  Fabrication. 

Part    1 — Manual   Recommendations — revised   Specification  for  Fabrica- 
tion of  Committee  Welded  Rail,  submitted  for  adoption   page  368 

Part  2 — AAR  Investigation  of  Service  and  Detected  Butt-Welded  |oint 

Failures,  presented  as  information   page  372 

Part  3 — Results  of  Rolling-Load  and  Slow-Bend  Tests  of  Butt-Welded 

Rail  Joints,  presented   as  information    page  383 

Part  4 — Butt- Weld-Failure   Statistics,  presented  as  information    page  397 

Part  5^ — Introductory  description  of  four  thermite  rail  welding  systems, 
presented  as  information   page  398 

2.  Laying. 

Part    1 — Manual   Recommendations — Appendix   I   of   Specifications   for 
Track  Construction,  Part  4,  Chapter  5,  of  the  Manual,  submitted  for 

adoption     page  399 

Part  2 — Statistics — Track  Miles  of  CWR  Laid  by  Years,  presented  as 
information    page  400 
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3.  Fastenings. 

Part    1 — Use    of    Epoxy    at    Rail   Joints    (Excluding    Insulated   Joints), 

presented  as  information   page  401 

Part  2 — Anchorage  of  Continuous  Welded  Rail,  progress  report  pre- 
sented  as   information    page  402 

4.  Maintenance. 

Report  on  Adjusting  Continuous  Welded  Rail,  presented  as  informa- 
tion        page  403 

5.  Economics. 

The  current  assignment,  "Cost  analysis  of  single  vs.  multiple — tiered 
transportation  of  CWR,"  has  proved  to  be  too  difficult  and  complex 
to  present  any  informative  report.  Your  committee  recommends  that 
this  assignment  be  dropped. 

6.  Welding  second-hand  rail. 

The  study  of  the  selection,  inspection  and  classification  of  second-hand 
rail  for  welding  is  continuing.  A  report  will  be  presented  next  year. 

The  Committee  on  Continuous  Welded  Rail, 

C.  W.  Wagner,  Chairman. 

AREA    Bulletin    605,    February    1967. 


Report  on  Assignment  1 
Fabrication 

A.  H.  Galbraith  (chairman,  subcommittee),  S.  H.  Barlow,  J.  E.  Campbell,  W.  T- 
Cruse,  A.  R.  DeRosa,  B.  J.  Gordon,  C.  W.  Grater,  C.  R.  Harrell,  K.  H. 
Kannowski,  H.  F.  Longhelt,  B.  J.  Johnson,  L.  H.  Martin,  A.  S.  McRae, 
C.  E.  Morgan,  S.  H.  Poore,  B.  R.  Prusak,  R.  B.  Stampfle,  C.  W.  Wagner, 
J.  R.  Zadra. 

Your  committee  presents  its  report  on  Assignment  1  in  five  parts.  Part  1 — 
Manual  Recommendations,  includes  a  revised  specification  for  fabrication  of  continu- 
ous welded  rail  which  is  submitted  witli  the  recommendation  that  it  be  adopted 
and  published  in  Chapter  4,  Part  2  of  the  Manual  immediately  following  the  exist- 
ing specifications  for  open-hearth  steel  rails.  Part  2  is  a  report  on  an  AAR  inves- 
tigation of  service  and  detected  butt-welded  rail  joint  failures.  Part  3  presents  the 
results  of  rolling-load  and  slow-bend  tests  of  butt-welded  rail  joints  carried  out  at 
the  AAR  Research  Center.  Part  4  presents  statistics  on  butt-weld  failures  and  Part  5 
presents  a  description  of  four  thermite  rail  welding  processes. 

Part   1 — Manual   Recommendations 

Your  committee  submits  the  following  specification  for  adoption  and  publication 
in  Part  2,  Chapter  4  of  the  Manual  immediately  following  the  existing  Specifications 
for  Open-Hearth  Steel  Rails. 
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SPECIFICATIONS    FOR    FABRICATION    OF    CONTINUOUS 
WELDED   RAIL 

Scope.  The  requirements  recommended  herein  are  intended  for  use  only  in  the 
fabrication  of  continuous  welded  rail  and  are  not  intended  for  use  in  the  acceptance 
or  rejection  of  rails  from  the  mills.  New  rail  shall  be  in  accordance  with  the  latest 
issue  of  the  AREA   Specifications  for  Steel  Rails,  Part   2,  this  Chapter. 

1.  All  rail  delivered  to  the  welding  plant  should  be  examined  prior  to  welding.  Rails 
having  vertical  or  horizontal  misalinement  in  the  last  4  ft  of  the  rail  in  excess  of 
0.030  in  per  ft  tangential  deviation  measured  with  a  straightedge  should  be  rejected. 
(Figures  1,  2  and  3) 

2.  Alinement  of  rail  in  the  welding   machine  should  be  done  on  the  head  of  the  rail. 

(a)  Vertical  alinement  should  provide  for  a  fiat  running  surface.  Any  difference 
of  height  of  the  rails  should  be  in  the  base. 

(b)  Horizontal  alinement  should  be  done  in  such  a  manner  that  any  difference  in 
the  width  of  heads  of  rails  should  be  divided  equally  on  both  sides  of  the  head. 
Where  the  difference  when  divided  exceeds  0.040  in  and  the  gage  side  is  pre- 
determined, it  may  be  desirable  to  aline  this  side  of  the  head,  allowing  any 
difference  in  the  width  of  heads  to  occur  on  the  field  side. 

(c)  Horizontal  offsets  should  not  exceed  0.040  in.  in  the  head  and/or  0.125  in. 
in  the  base. 

3.  Surface  Misalinement  Tolerance   (Figures  4  and  5): 

(a)  Combined  Vertical  Offset  and  Crown  Camber  should  not  exceed  0.040  in/ft  at 
600  deg  F  or  less. 

(b)  Combined  Vertical  Offset  and  Dip  Camber  should  not  exceed  0.010  in/ft  at 
600  deg  F  or  less. 

4.  Gage  Misalinement  Tolerance  (Fig.  6) : 

(a)  Combined  Horizontal  Offset  and  Horizontal  Kink  Camber  should  not  exceed 
0.040  in/ft  at  600  deg  F  or  less. 

5.  A  finishing  deviation  of  not  more  than  plus  or  minus  0.005  in  of  the  parent  section 
of  the  rail  head  surface  should  be  allowed. 

6.  The  sides  of  the  rail  head  should  be  finished  to  plus  or  minus  0.010  in  of  the 
parent  section.  The  bottom  of  rail  base  should  be  finished  to  within  O.OIO  in  of  the 
lowest  rail. 

7.  The  web  zone  (underside  of  head,  web,  top  of  base,  both  fillets  each  side),  shall 
be  finished  to  within  J^  in  of  parent  contour  or  closer  but  should  not  be  deeper 
than   parent  section.  Finishing  should  eliminate  all  cracks. 

8.  All  notches  created  by  offset  conditions  or  twisted  rails  should  be  eliminated  by 
grinding  to  blend  the  variations. 

9.  All  fins  on  the  weld  due  to  grinding  drag  should  be  removed  prior  to  final 
inspection. 

10.  All  welds  giving  fault  indication  in  magnetic  particle  inspection  shall  be  cut  out. 
repaired,  or  protected  by  joint  bars. 

11.  All  rails  used  for  electric-flash  butt  welds  should  have  the  scale  removed  down  to 
bright  metal  in  those  end  zones,  top  and  bottom  of  the  rails,  where  the  welding 
current-carrying  electrodes  contact  on  head  and  base  of  rail.  The  weld  and  adjacent 
rail  for  a  distance  clearing  the  electrodes  should  be  rejected  if  in  the  areas  of 
electrode  contact   there  is  not  more  than  95  percent  of  the  mill  scale  removed. 
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TOLERANCES  FOR  INSPECTION  OF  RAIL  FOR  WELDING 
NEW  AND  MAIN  LINE  RELAYER  RAIL 


Figure  1 


y,.030 


".xCin,-f«='^ 


Eleration  of  rail  showing  tolerance  of  sitrface  end  bent  condition. 


tr^j3hl^^^ 


Figure  2a 


^^  (in  feet) 


Plan  rie-w  of  rail  showing  tolerance  of  side  bent  condition. 


12.  All  electric-flash  butt  welds  should  be  forged  to  point  of  refusal  to  further  plastic 
deformation  and  have  a  minimum  upset  of  ^  in,  with  %  in  as  standard. 

13.  If  flashing  on  electric-flash  butt  welds  is  interrupted  because  of  malfunction  or 
external  reason,  with  less  than  J^  in  of  flashing  distance  remaining  before  upsetting, 
rails  should  be  reclamped  in   machine  and  flashing  initiated  again. 

14.  Whenever  the  finishing  process  involves  heavy  grinding  which  is  done  immediately 
following  welding  to  prevent  metallurgical  damage,  this  heavy  grinding  should 
always  be  completed  at  the  normally  high  temperature  whenever  a  production  line 
is  interrupted  for  any  reason. 
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TOLERANCES   FOR  INSPECTION  OF  RAIL  FOR  WELDING 
NEW  AND  MAIN  LINE  RELAYER  RAIL 
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Elevation  of  rail  shoving  weld  misalinement  tolerance  in  vertical  alinement. 


Elevation  of  rail  showing  weld  misalinement  tolerance  in  vertical  alinement. 


Figure  5.,    ^^„  straightedge. 
\&" 
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Plan  view  of  rail  showixig  weld  misalinement  tolerance  in  horizontal  alinement. 


NOTE  J  These  tolerances  apply  at  the  inspection  point 
where  rail  temperature  at  weld  is  approximately 
600°  F. 
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15.  Where  jagged,  notched  or  badly  mismatched  cuts  are  made  by  cutting  torch  on 
rails  for  electric-flash  butt  welding,  the  mismatched  end  faces  should  be  pre- 
flashed  to  an  even  or  mated  condition  before  setting  up  rails  for  preheating  and 
final  flashing  to  assure  that  the  entire  surfaces  of  rail  ends  are  uniformly  flashing 
immediately    preceding   upsetting. 

16.  It  is  recommended  that  a  straightening  press  be  included  in  a  welding  production 
line  to  help  achieve  or  improve  upon  tlv;  alinement  tolerances  of  items  2,  3  and  4. 


Part  2 
Investigation   of  Service   and   Detected   Butt-Welded   Rail  Joint  Failures 

In  the  period  between  October  1,  1965,  and  Octol^er  1,  1966,  si.xteen  failures, 
service  and  detected,  in  butt-welded  rail  joints  were  submitted  to  the  Association  of 
American  Railroads  Research  Center  for  a  metallurgical  examination.  To  date,  an 
investigation  has  been  completed  on  9  of  these  16  failures.  Table  1,  with  7  still 
being  conducted.  A  report  has  been  sent  to  the  railroads  submitting  the  weld  failure 
and,  if  steel  quality  was  involved,  to  the  rail  producer. 

Investigation  136-19  involved  two  oxyacetylene  pressure  butt  weld  service 
failures  submitted  by  the  Soo  Line  Railroad.  These  rails  were  identified  as  second- 
hand 100  RE  sections  rolled  about  1935.  The  fractured  faces  of  these  two  failures, 
which  occurred  through  the  weld  line,  are  shown  in  Figs.  1  and  3.  The  smooth 
surfaces  noted  on  these  fractured  faces  represent  areas  that  did  not  fuse  properly 
during  welding.  A  transverse  section  was  taken  from  each  side  of  these  welded 
joints  and  etched  in  a  hot  50  percent  H2O,  50  percent  HCl  solution  to  determine 
the  quality  of  the  steel.  These  etched  sections  were  found  to  have  a  segregation 
pattern,  spongy  center,  segregation  streaks  and  subsurface  porosity.  The  micro- 
scopic examination  made  on  a  cross  section  of  the  fracture.  Figs.  2  and  4,  shows 
the  presence  of  a  thin  layer  of  ferrite  on  the  weld  interface.  This  ferrite  band  on 
the  weld  interface  is  the  residt  of  a  surface  carbon  removal  that  is  believed  to  have 
occurred  during  the  welding  process.  It  is  believed  that  these  failures  can  be  attri- 
buted to  die  presence  of  ferrite  on  the  weld  interface  as  a  result  of  improper 
welding  practice. 

Investigation  136-20  involved  an  electric-flash  butt  weld  service  failure  sub- 
mitted by  the  Erie  Lackawanna  Railroad.  This  rail  was  identified  as  a  132  RE 
control-cooled  section.  The  fractured  faces  showing  a  discolored  area  in  the  base 
of  the  rail  can  be  seen  in  Fig.  5.  A  characteristic  chevron  pattern  generating  from 
the  fracture  origin  can  be  noted.  A  transverse  section  cut  from  the  base  adjacent 
to  the  discolored  area  was  etched  with  a  10  percent  nital  solution.  This  etched  sec- 
tion, Fig.  6,  revealed  an  electrode  burn.  This  failure  can  be  attributed  to  the  pres- 
ence of  an  electrode  burn  introduced  during  the  welding  process. 

Investigation  136-21  involved  four  electric-flash  butt  weld  service  failures  sub- 
mitted by  the  Florida  East  Coast  Railway.  These  4  failures  are  representative  of  a 
group  of  13  or  more  failures  that  occurred  in  a  short  period  after  laying.  The  rails 
used  in  the  fabrication  of  these  joints  were  identified  as  secondhand  112  RE  rails. 
Photographs  showing  the  side  views  of  these  failures  can  be  found  in  Figs.  7,  9,  11 
and  13.   Photographs  showing  the  fractured  faces  can  be  seen  in  Figs.  8,   10,  12 

(Text  continued  on  page  383) 
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Fig.  1  (Investigation  136-19,  Sample  A) — Fractured  faces  of  a  failed  oxyace- 
tylene  pressure  butt  welded  rail  joint  showing  the  smooth  surfaces  representing 
improper  fusion. 


Fig.  2  (Investigation  136-19,  Sample  A) — Photomicrograph  showing  a  cross  section 
of  the  fracture.  A  thin  layer  of  ferrite  can  be  noted  on  the  weld  interface. 
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Fig.  3  (Investigation  136-19,  Sample  B) — Fractured  faces  of  a  failed  oxyace- 
tylene  pressure  butt  welded  rail  joint  showing  the  smooth  surfaces  representing 
improper  fusion. 


Fig.  4  (Investigation  136-19,  Sample  B) — Photomicrograph  showing  a  cross  section 
of  the  fracture.  A  thin  layer  of  ferrite  can  be  noted  on  the  weld  interface. 
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Fig.  5  (Livestigation  136-20) — Fractured  faces  showing  a  discolored  area  in 
the  base.  A  characteristic  chevron  pattern  generating  from  the  fracture  origin 
can  be  noted. 


Fig.    6    (Investigation   136-20) — Transverse  section  cut  adjacent  to  the  discolored 
area  revealed  an  electrode  bum.  Etchant,  10  percent  nital. 
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Fig.  7  (Investigation  136-21,  Sample  A) — Side  view  showing  the  appearance 
of  the  fracture.  This  fracture  started  at  the  weld  and  progressed  in  a  horizontal 
plane   along  the  neutral  axis,  then  veered  toward  the  head  and  base. 


Fig.  8  (Investigation  136-21,  Sample  A) — Photograph  showing  the  fractured  faces. 
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Fig.  9  (Investigation  136-21,  Sample 
B) — Side  view  showing  the  appearance 
of  the  fracture.  This  fracture  started  at 
the  weld  and  progressed  along  the  hori- 
zontal plane,  then  veered  toward  the 
head  and  base. 


Fig.   10   (Investigation  136-21,  Sample  B ) —Photograph  showing  the 
fractured  faces. 
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Fig.  11  (Investigation  136-21,  Sample  C) — Side  view  showing  the  appearance 
of  the  fracture.  This  fracture  started  at  the  weld  aind  progressed  in  a  horizontal 
plane  along  the  neutral  axis. 


Fig.   12   (Investigation  136-21,  Sample  C) — Photograph  showing 
the  fractured  surfaces. 
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Fig.  13  (Investigation  136-21,  Sample  D) — Side  view  showing  the  appearance 
of  the  fracture.  This  fracture  started  at  the  weld  and  progressed  in  the  horizontal 
plane  along  the  neutral  axis. 


Fig.  14  (Investigation  136-21,  Sample  D) — Photograph  showing  the  fractured 
surfaces.  The  black  oxidized  areas  noted  on  the  fractured  surfaces  indicate  that 
this  rail  was  previously  cracked  in  the  web  prior  to  welding. 
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Fig.  15  (Investigation  136-24,  Sample 
A) — Side  view  of  an  electric-flash  butt- 
welded  rail  joint  exhibiting  a  magnaflux 
indication. 


Fig.  16  (Investigation  136-24,  Sample 
A) — Specimen  taken  longitudinal  to  the 
rail  through  the  fusion  Hne  and  in  a 
horizontal  plane  through  the  magnaflux 
indication.  The  presence  of  cementite  in 
the  grain  boundries  and  plate  of  car- 
bides within  the  grains  can  be  noted  at 
a  magnification  of  500X.  Etchant,  alka- 
line sodium  picrate. 
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Fig.  17  (Investigation  136-24,  Sample 
B) — Side  view  of  an  electric  flash  butt 
welded  rail  joint  exhibiting  a  magnaflux 
indication. 


Fig.  18  (Investigation  136-24,  Sample 
B) — Specimen  taken  longitudinal  to  the 
rail  through  the  fusion  line  and  in  a 
horizontal  plane  through  the  magnaflux 
indication.  Carbide  precipitation  at  grain 
boundaries  and  carbide  plates  within  the 
grains  are  present  in  rail  on  one  side 
of  fusion  line  (void  present  at  fusion 
line)  but  do  not  appear  in  abutting  rail. 
Magnification  SOOX,  etchant  alkaline 
sodium  picrate. 
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and  14.  All  tliese  fractures  started  at  Uie  weld  and  progressed  in  a  horizontal  plane 
along  the  neutral  axis.  The  fractures  in  specimens  A  and  B  veered  toward  the  head 
and  base,  resulting  in  a  complete  separation.  The  black  oxidized  areas  noted  on  the 
fractured  surfaces  of  specimen  D,  Fig.  14,  indicate  that  this  rail  was  previously 
cracked  in  the  web  prior  to  welding.  Transverse  sections  were  taken  from  each 
side  of  these  joints  and  macro-etched  to  determine  the  quality  of  die  steel.  All 
etched  sections  were  noted  to  be  of  sound  steel  quality.  A  microscopic  examination 
of  the  weld  interface  showed  a  nonnal  weld  structure.  It  was  di.sclosed  diat  the 
rail  ends  were  cropjied  with  a  petrogen  torch  and  that  the  time  between  cutting 
and  welding  ranged  from  a  few  days  to  several  weeks.  This  time  lapse  is  of  concern 
because  of  die  incipient  cracks  that  ma)-  form  and  further  develop  on  subsequent 
heating  operations.  A  second  possible  cause  for  these  failures  is  that  the  amount  of 
rail  cropped  from  the  ends  of  these  secondhand  rails  was  insufficient  to  remove 
existing  bolt-hole  cracks  tliat  extend  back  into  the  web. 

Investigation  136-24  involved  two  electric-flash  butt  welded  rail  joints  that 
exhibited  magnaflux  indications.  These  joints,  submitted  liy  the  Canadian  National 
Railways,  were  made  from  115  RE  rail  sections.  Photographs  showing  the  side 
\iew  of  these  welds  can  be  found  in  Figs.  15  and  17.  Transverse  sections  taken 
from  each  side  of  these  joints  were  macro-etched  to  determine  the  quality  of  the 
steel.  One  rail  from  each  weld  showed  a  heavy  segregation  pattern,  indicating  diat 
it  was  from  the  top  portion  of  the  ingot.  A  chemical  analysis  taken  of  this  segre- 
gated area  showed  a  carbon  content  of  0.90  and  0.86,  which  is  above  the  eutectoid 
point  shown  on  the  Fe-C  diagram.  The  eutectoid  point  for  Fe-C  is  0.83  percent. 
Photomicrographs  showing  the  presence  of  cementite  in  the  grain  boundaries  and 
plates  of  carbides  widiin  the  grains  can  be  seen  in  Figs.  16  and  18.  The  possible 
explanations  for  the  presence  of  diis  cementite  are  ( 1 )  segregation  of  carbon  dur- 
ing die  solidification  of  an  ingot,  (2)  eutectoid  shift  due  to  a  non-equilibrium  cool- 
ing and  the  presence  of  certain  elements,  (3)  burned  steel  resulting  from  electrical 
arcing. 

Part  3 

Rolling-Load  and  Slow-Bend  Test  Results  of  Butt-Welded  Rail  Joints 

In  the  period  from  October  1,  1965,  to  October  1,  1966,  sixteen  rolling-load 
tests  and  six  slow  bend  tests  were  conducted  on  butt-welded  rail  joints  at  the  Asso- 
ciation of  American  Railroads  Research  Center.  The  joints  were  made  by  the  ther- 
mite (Thermex  Metallurgical,  E.xomet  and  Orgotherm),  submerged-arc  and  oxyace- 
tylene   pressure-butt- welding   processes. 

Rolling-Load  Tests 

The  rolling-load  tests  were  made  on  a  12-in-stroke  rolling-load  machine.  A  dia- 
gram showing  the  loading  arrangement  for  this  machine  can  be  found  in  Fig.  1. 
The  cantilever  arrangement  shown  subjects  the  head  of  die  welded  rail  to  repeated 
loadings  from  zero  to  a  maximum  tension  stress.  The  applied  wheel  load  for  these 
rolling-load  machine  tests  is  dependent  on  the  rail  section  being  tested.  In  this  type 
of  testing,  2,000,000  cycles  of  repeated  loadings  without  failure  is  considered  a  run- 
out. A  summary  of  the  rolling-load  test  results  can  be  found  in  Table  1. 

Specimen  200-A  was  tested  to  determine  the  qualit)-  of  a  submerged-arc-welded 
rail  joint  made  by  the  Linde  Company.  This  110  RE  rail  joint  failed  after  being 
subjected    to   785,400   cycles    of   repeated   loadings   in   the    12-in-stroke   rolling-load 
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machine  under  a  45,500-lh  wheel  load.  The  fatigue  rings  noted  on  the  fractured 
faces  in  Fig.  2  indicate  that  this  failure  originated  in  the  fillets  beneath  the  rail 
head.  The  needle-like  structures  on  the  unfused  area  of  the  web  are  dendrites. 

Specimen  209-B  was  tested  to  evaluate  132-lb  thermite  welded  rail  joints  made 
by  the  Orgotherm  process.  After  being  subjected  to  789,500  cycles  of  repeated 
loadings  in  the  12-in-stroke  rolling-load  machine  under  a  57,500-lb  wheel  load,  this 
test  was  discontinued  because  of  the  possible  damage  that  might  occm-  to  the 
machine.  This  failure,  originating  from  a  foreign  entrapment  in  the  weld  metal, 
progressed  through  the  web  at  a  45-deg  angle  and  terminated  at  the  head  and  base 
fillets.  The  fractured  surfaces  shown  in  Fig.  3  were  made  visible  by  cutting  the  head 
and  base  to  separate  this  web  crack. 

Specimens  213-C  and  213-D  were  tested  in  the  12-in-stroke  rolling-load  machine 
under  a  48,000-lb  wheel  load  to  evaluate  115-lb  thermite  welded  rail  joints  made 
by  the  Exomet  process.  These  specimens  failed  after  being  subjected  to  615,300 
and  1,110,500  cycles  of  repeated  loadings,  respectively.  The  fatigue  ring  noted  on 
the  fractured  faces  of  specimen  213-C,  Fig.  4,  indicates  that  this  failure  originated 
in  the  center  of  the  rail  head.  A  microscopic  examination  shows  that  this  failure 
could  be  attributed  to  either  the  high  alumina  content  of  the  weld  metal,  photo- 
micrograph Fig.  5,  or  the  presence  of  unidentifiable  foreign  material  in  the  rail  steel, 
photomicrograph  Fig.  6.  The  fatigue  ring  noted  on  the  fractured  faces  of  specimen 
213-D,  Fig.  7,  indicates  that  this  failure  originated  from  the  metal  fin  in  the  fillet 
beneath  the  rail  head. 

Oxyacetylene  pressure  butt  welded  rail  joint,  specimen  214-E,  was  tested  to 
determine  the  seriousness  of  making  butt  welds  from  rails  with  hairline  cracks 
(pipe)  in  the  web.  This  specimen  failed  after  being  subjected  to  897,100  cycles 
of  repeated  loadings  in  the  12-in-stroke  rolling-load  machine  under  a  40,000-lb 
wheel  load.  The  fractured  faces  shown  in  Fig.  8  indicate  that  this  failure  originated 
in  the  rail  head  from  a  fishtail.  Transverse  sections  taken  from  the  rail  ends  that 
were  abutted  were  macro-etched  to  determine  the  internal  condition  of  these  rails. 
These  macro-etched  transverse  sections  show  a  pipe  in  the  web  of  section  214-16 
(Fig.  9)  and  a  fishtail  in  the  head  of  section  214-23  (Fig.  10). 

Specimen  218-A  was  tested  to  investigate  the  possible  detrimental  effects  of  a 
collar  that  was  not  removed  from  an  Orgotherm  thermite  welded  rail  joint.  This 
specimen  withstood  1,533,100  cycles  of  repeated  loadings  in  the  12-in-stroke  rolling- 
load  machine  under  a  54,500-lb  wheel  load  before  failure.  The  fractured  faces 
shown  in  Fig.  11  show  that  this  fatigue  failure  originated  from  a  horizontal  split 
head  that  is  believed  to  have  been  present  in  the  rail  head  prior  to  welding. 

Slow  Bend  Tests 

The  slow  bend  tests  were  made  with  the  rail  resting  on  supports  4  ft  apart 
and  loaded  at  2  points,  one  on  each  side  of  and  6  in  from  the  weld.  These  tests 
were  made  with  the  rail  base  down,  thereby  subjecting  the  head  to  a  compressive 
stress  and  the  base  to  a  tension  stress.  A  diagram  of  the  loading  arrangement  for 
the  slow  bend  test  can  be  found  in  Fig.  12.  With  this  loading  arrangement,  the 
modulus  of  rupture  can  be  derived  by  dividing  9W  (W  being  the  applied  load  in 
pounds)  by  the  section  modulus  of  the  rail  base.  For  satisfactory  service  per- 
formance a  minimum  of  1.5  in  of  deflection  and  140,000  psi  modulus  of  rupture 
are  being  used  as  tentative  criteria  for  oxyacetylene  and  electric-flash  pressure  butt 
welds.  A  summary  of  the  slow  bend  test  results  can  be  found  in  Table  2. 
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The  first  four  specimens  listed  in  this  table  (  158-B,  D,  G  and  H)  are  100  RE 
Orgotherm  thermite  welded  rail  joints  submitted  by  the  Southern  Railway  System. 
It  can  be  noted  from  the  results  obtained  that  both  the  deflection  and  modulus  of 
rupture  are  less  than  the  tentative  criteria  for  a  satisfactory  weld.  These  welded 
joints,  tested  and  reported  on  last  year,  are  included  for  information. 

The  next  two  specimens  ( 194-C  and  D)  are  115  RE  Orgotherm  thermite 
welded  rail  joints  submitted  by  the  Seaboard  Air  Line  Railroad.  The  test  results  show 
that  both  these  joints  were  below  the  tentative  criterion  established  for  modulus 
of  rupture  and  one  of  the  two  was  below  the  criterion  for  maximum  deflection. 
Specimen  194-C  failed  after  being  subjected  to  1.4  in  of  deflection  and  a  118,600 
psi  modulus  of  rupture.  A  photograph  showing  the  fractured  faces  of  this  thermite 
welded  rail  joint  can  be  found  in  Fig.  1.3.  The  weld  structure  was  weakened  by 
the  presence  of  large  cohnnnar  grains  in  the  rail  head.  These  welded  joints  were 
tested  and  reported  on  last  vear  and  are  included  for  information. 

The  next  two  specimens  (209  E  and  F)  are  132-lb  Orgotherm  thermite  welded 
rail  joints  submitted  b}'  the  Illinois  Central  Railroad.  Both  specimens  failed  to  meet 
the  tentative  criterion  for  modulus  of  rupture  and  one  of  the  two  did  not  meet  the 
criterion  for  maximum  deflection.  Specimen  209-E  failed  after  being  subjected  to 
0.4  in  of  deflection  and  an  84,100  psi  modulus  of  rupture.  A  photograph  showing 
the  fractured  faces  of  this  joint  can  be  found  in  Fig.  14.  The  weld  structure  was 
weakened  bv  the  presence  of  a  pearl,  acting  as  a  stress  raiser,  in  the  base. 

The  next  two  specimens  (203-C  and  D)  are  132-lb  thermite  welds  made  by 
the  Thennex  Metallurgical  process  and  submitted  by  the  Seaboard  Air  Line  Railroad. 
Both  tliese  specimens  failed  to  meet  the  tentative  criteria  for  maximum  deflection 
and  modulus  of  rupture.  Specimen  203-C  failed  after  being  subjected  to  1.0  in  of 
deflection  and  a  108,300  psi  modulus  of  rupture.  A  photograph  showing  the  frac- 
tured faces  of  this  specimen  can  be  seen  in  Fig.  15.  The  weak  dendritic  cast 
structure,   typical  of  thermite   welds,   can  be  noted. 

The  last  two  specimens  (213-E  and  F)  shown  in  Table  2  are  115-lb  thermite 
welds  made  by  the  E.xomet  process  and  submitted  by  the  Seaboard  Air  Line  Railroad. 
It  can  be  noted,  with  respect  to  deflection  and  modulus  of  rupture,  that  the  results 
obtained  are  considerably  less  than  the  tentative  criteria  for  satisfactory  welds. 
Specimen  213-F  failed  after  being  subjected  to  0.4  in  of  deflection  and  a  77,700  psi 
modulus  of  rupture.  A  photograph  showing  the  fractured  faces  of  this  specimen  can 
be  seen  in  Fig.  16.  It  can  be  noted  that  this  weld  was  weakened  by  a  large  unfused 
area  in  the  base.  As  indicated  by  the  chevron  pattern,  this  failure  originated  from 
the  flash  metal  fin  in  the  lower  fillet  area. 

The  relatively  weaker  properties  of  thermite  welds  compared  to  the  oxyace- 
tylene  pressure  butt  and  electric  flash  welds  can  be  attributed  mainly  to  a  weak  cast 
(dendritic)   structure,  typical  of  thermite  welds. 

The  foregoing  results  indicate  areas  in  which  research  work  may  be  directed 
towards  effecting  further   improvements  in  welding  practice. 
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TABLE  1 

ROLLING  LOAD  TKST  RESULTS  OK  BUTT  WKLDKD  HAIL  JOINTS 

AAH  Research  Center  (October  I,  1965  to  October  I,  ISUG) 


Specimen 
No. 

Rail 
Section 
Lb.  /Yd. 

Type  of  U'eld 

Supplied 

Welded 
by 

Rolling 

Load 

Machine 

Stroke 

Wheel 
Load 
(lbs.) 

Number 

ol 
Cycles 

Remarks 

193-A 

112  lb  RE 

Oxyacetylene  pressure  butt 
weld  using  borax  flux. 

I.e.  RR. 

12  in 

46,500 

2,000,900 

No  failure. 

193-B 

112  lb  RE 

Oxyacetylene  pressure  butt 
weld  using  borax  flux. 

I.   C.   RR. 

12  in 

46,500 

2,000,000 

No  failure. 

193-G 

112  lb  RE 

Oxyacetylene  pressure  butt 
weld  made  with  no  flux. 

LC.   RR. 

12  in 

46,500 

1 ,423,900 

Broke  through  rail 
about  3  in  from  weld. 

200-A 

110  lb  RE 

Submerged  arc  weld. 

I.e.  RR. 

12  in 

45,500 

785,400 

Brokeatweld  junction. 

203-A 

132  lb  RE 

Thermite  weld  (Thermex 
Metallurgical  process). 

S.A.L.  RR. 

12  in 

57,500 

2,000,000 

N<.  failure. 

203-B 

1  32  lb  R  E 

Thermite  weld  (Thermix 
Metallurgical  process). 

S.A-L.   RR. 

12  m 

57,500 

2,000,000 

No  failure. 

209-A 

132  lb  RE 

Thermite  weld  (Orgutherm 
process). 

I.e.  RR. 

12  in 

57,500 

2,000,200 

No  failure. 

209-B 

132  lb  RE 

Thermite  weld  (Orgotherm 
process). 

I.e.  HH. 

12  in 

57,500 

789,500 

Crack  in  web  across 
weld. 

213-C 

115  lb  RE 

Thermite  weld  (Exomet 
process). 

S.A.L.  RR. 

12  in 

4«,000 

615,300 

Broke  through  weld. 

213-D 

115  lb  RE 

Thermite  weld  (Exomet 
process). 

S.AL.   RR. 

12  in 

4S,000 

1,110,500 

Failure  originated  from 
metal  fin  beneath  rail 
head. 

214-A 

lUO  lb  HE 

Oxyacetylene  pressure  butt 
weld  (rails  with  hairline 
cracks  in  web). 

S,  A.  L.   HR. 

12  m 

40,UOU 

2,009,900 

N"  failure. 

214-B 

lUU  lb  HE 

Oxyacetylene  pressure  butt 
weld  (rails  with  hairline 
cracks  in  web). 

S.A.L.   RR. 

12  in 

40,000 

2,000,000 

No  failure. 

214-D 

UIO  lb  HE 

Oxyacetylene  pressure  butt 
weld  (rails  with  hairline 
cracks  in  web). 

S.A.  L.   HR. 

12  in 

40,000 

2,010,100 

N.I  failure-. 

21 4- K 

100  lb  HE 

0.\yacetylene  i«-essure  butt 
weld  (rails  with  hairline 
cracks  in  web  and  fishtail 
in  head). 

S.A.L.   RR. 

12  in 

40.000 

897,100 

Eailure  originated  from 
fishtail  in  head  and  pro- 
gressed through  weld. 

218-A 

127  lb  NYC 

Thermite  weld  (Orgotherm 
process-collar  not  removed). 

N.Y.C.  RR. 

12  in 

54,500 

1.533,100 

Broke  through  rail 
about  2  in  from  weld. 

218-B 

127  lb  NYC 

Thermite  weld  (Orgotherm 
process-collar  notremove<^. 

N.  Y.C.   RR. 

12  in 

54,500 

818,200 

Broke  through  rail 
about  2  in  from  weld. 
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Fig.   1 — Diagram  showing  the  loading  arrangement  for  the  12-in-stroke 
rolling-load  machine. 


Fig.  2 — Fractured  faces  of  a  submerged-arc-welded  rail  joint,  specimen  200-A, 
that  failed  after  being  subjected  to  785,400  cycles  of  repeated  loading  in  the  12-in 
stroke  rolling-load  machine  under  a  45,500-lb  wheel  load.  This  fatigue  failure 
originated  in  the  fillets  beneath  the  rail  head.  An  unfused  area  having  a  needle-like 
(dendrites)  structure  can  be  noted  in  the  web. 
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Fig.  3 — Photograph  showing  the  surfaces  of  a  crack  that  developed  in  an 
Orgotherm  thermite  welded  rail  joint,  specimen  209-B,  as  a  result  of  testing  in 
the  12-in-stroke  rolling- load  machine.  After  789,500  cycles  of  repeated  loadings 
under  a  57,500-lb  wheel  load,  this  test  was  discontinued  due  to  possible  damage 
to  the  machine.  This  fracture,  originating  from  a  foreign  entrapment  in  the  weld 
metal,  progressed  through  the  web  at  a  45-deg  angle  and  terminated  at  the  head 
and  base  fillets. 
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Fig.  4 — Fractured  faces  of  a  thermite  welded  rail  joint,  specimen  number 
213-C,  made  by  the  Exomet  process.  This  specimen  failed  after  being  subjected 
to  615,300  cycles  of  repeated  loadings  in  the  12-in-stroke  rolling-load  machine 
under  a  48,000-lb  wheel  load.  A  microscopic  examination  of  a  specimen  taken 
from  the  nucleus  of  this  fatigue  failure  indicates  that  the  failure  could  be  attributed 
to  one  ofl  two  factors.  These  factors  are  ( 1 )  a  higjh  alumina  content  in  the  weld 
metal  and    (2)    the   presence  of  unidentifiable   foreign  material  in  the  rail  steel. 


Fig.  5 — Photomicrograph  showing  the  high  alumina  content  in  the  thermite  weld 
metal  of  failure  shown  in  Fig.  4.  Etchant  3  percent  nital;  magnification,  lOOX- 
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Fig.  6 — Photomicrograph  showing  the  presence  of  unidentifiable  foreign  mate- 
rial in  the  rail  steel  of  failure  shown  in  Fig.  4.  Etchant,  3  percent  nital;  magni- 
fication, lOOX- 


Fig.  7 — Photograph  showing  the  fractured  faces  of  a  thermite  welded  rail 
joint,  specimen  number  213-D,  made  by  the  Exomet  process.  This  specimen  failed 
after  being  subjected  to  1,110,500  cycles  of  repeated  loadings  in  the  12-in-stroke 
rolling-load  machine  under  a  48,000-lb  wheel  load.  A  fatigue  ring  development, 
originating  from  the  metal  fin  beneath  the  rail  head,  can  be  noted. 
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Fig.  8 — ^Fractured  faces  of  an  oxyacetylene  pressure  butt  welded  rail  joint,  spec- 
imen 214-E,  that  failed  after  being  subjected  to  897,100  cycles  of  repeated  loadings 
in  the  12-in-stroke  rolling-load  machine  under  a  40,000-lb  wheel  load.  This  inves- 
tigation was  originally  initiated  to  determine  the  possible  detrimental  effects  asso- 
ciated with  the  hairhne  cracks  (pipe)  found  in  the  web  on  some  rail  ends.  This 
failure  originated  from  a  fishtail  in  the  head  of  one  rail.  Macro-etched  transverse 
sections  showing  the  internal  condition  of  the  two  rails  used  to  make  this  joint  can 
be  seen  in  Figs.  9  and  10. 


^..IM 


Fig.  9  Fig.   10 

Photographs  showing  the  macro-etched  transverse  sections  taken  from  the  rails, 
abutted  ends,  prior  to  welding.  The  fractured  faces  of  this  experimental  pressure 
butt  welded  joint,  specimen  214-E,  are  shown  in  Fig.  8.  These  sections,  etched  in 
hot  50  percent  ELaO,  50  percent  HCl,  showed  a  pipe  in  the  web  of  section  214-16 
(Fig.  9)  and  a  fishtail  in  the  head  of  section  214-23  (Fig.  10). 
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Fig.  11 — Photograph  showing  the  fracture  that  developed  about  2  in  from  an 
Orgotherm  thermite  welded  rail  joint.  This  specimen,  218-A,  submitted  to  investi- 
gate the  possible  detrimental  effects  of  a  collar  that  was  not  removed  from  the 
weld,  withstood  1,533,100  cycles  of  repeated  loadings  in  the  12-in-stroke  rolling- 
load  machine  under  a  54,500-lb  wheel  load  before  failure.  This  fatigue  failure 
originated  from  a  horizontal  split  head  that  is  believed  to  have  been  present  in 
the  rail  head  prior  to  welding. 
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Section  Modulus  of  the  Rail  Base  =  Modulus  of  Rupture 

Fig,  12 — Diagram  of  the  loading  arrangement  for  the  slow  bend  test  and 
formula  for  deriving  the  modulus  of  rupture. 
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Fig.  13 — Photograph  showing  the  fractured  faces  of  a  thermite  welded  rail 
joint  specimen  194-C  made  by  the  Orgotherm  process.  This  specimen  failed  after 
being  subjected  to  1.4  in  of  deflection  and  a  290,000  lb  load  in  the  slow  bend 
press.  The  relatively  weaker  properties  compared  to  the  oxyacetylene  pressure  butt 
and  electric  flash  welds  can  be  attributed  to  a  cast  structure  (dendrites),  typical 
of  thermite  welds,  and  the  presence  of  large  columnar  grains  in  the  rail  head. 


Fig.  14 — Photograph  showing  the  fractured  faces  of  a  thermite  welded  rail 
joint,  specimen  209-E,  made  by  the  Orgotherm  process.  This  specimen  failed  after 
being  subjected  to  0.4  in  of  deflection  and  a  258,000  lb  load  in  the  slow  bend 
press.  The  weld  structiue  was  weakened  by  the  presence  of  a  pearl,  acting  as  a 
stress  raiser,  in  the  base. 
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Fig.  15 — Photograph  showing  the  fractured  faces  of  a  thermite  welded  rail 
joint,  specimen  203-C,  made  by  the  Thermex  Metallurgical,  Inc.,  process.  This 
specimen  failed  after  being  subjected  to  1.0  in  of  deflection  and  a  332,000  lb  load 
in  the  slow  bend  press.  The  relatively  weaker  properties  compared  to  oxacetylene 
pressure  butt  and  electric  flash  welds,  can  be  attributed  to  the  typical  cast  struc- 
ture (dendritic)  of  thermite  welds. 


Fig.  16 — Photograph  showing  the  fractured  faces  of  a  thermite  welded  rail 
joint,  specimen  213-F,  made  by  the  Exomet,  Inc.,  process.  This  specimen  failed 
after  being  subjected  to  0.4  in  of  deflection  and  a  190,000  lb  load  in  the  slow 
bend  press.  It  can  be  noted  that  this  weld  was  weakened  by  a  large  unfused  area 
in  the  base.  As  indicated  by  a  chevron  patterri,  this  failure  originated  from  the 
flash  metal  fin  in  the  lower  fillet  area. 
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Part  4 
Butt   Weld    Failures 

In  1962,  it  was  decided  that  it  would  l)e  desirable  to  have  a  rec-ord  of  failures 
in  the  different  types  of  butt  welds.  Accordin^K,  Form  402E  was  prepared  to  de- 
velop the  desired  information.  Table  1  shows  the  accumulated  failures  to  December 
31,  1965.  This  table  is  a  summary  of  Form  4()2E  which  shows  the  failures  by  rail- 
roads and  weight  of  rail  and  a  more  detailed  analysis  can  be  made  later  if  desired. 
For  the  present  it  appears  that  the  data  shown  in  these  summary  tables  will  give 
the  information  desired.  It  will  be  noted  from  Table  1  that  on  the  basis  of  failures 
per  100  weld  years,  the  failure  rates  for  tlie  oxyacetylene  pressure  butt  welds  and 
electric  flash  pressure  butt  welds  are  low,  and  about  the  same,  for  new  rail.  It  should 
be  noted,  however,  that  the  average  service  period  of  the  oxyacetylene  pressure  butt 
welds  is  68  percent  longer  tlian  that  of  the  electric-flash  pressure  butt  weld.  For 
relay  rail,  the  performance  of  the  oxyacetylene  pressure  weld  is  somewhat  better 
than  that  of  the  electric-flash  pressure  weld.  The  performance  is  quite  good  for  both 
t>'pes,  however,  because  the  highest  failure  rate  of  0.0150  for  the  electric-flash  weld 
on  relay  rail  would  only  be  equivalent  to  about  one  failure  in  25  miles  of  track 
per  year. 

The  failure  rate  in  thermite  welds  is  substantially  higher  than  that  for  either 
of  the  two  pressure  processes.  The  failure  rate  shown  for  thermite  welds  of  new 
rail  is  equivalent  to  one  failure  in   167  welds  per  year. 


Table  1 

accumulatkd  butt  wkld  ka11.ures  to  dkckmbkh  31,  1965 


Number 

of 
Welds 

Weld 
Years 

FAILURES 

Failures 

per  100 

Weld  Years 

Average 

Weld  Age 

Years 

Service 

Detected 

Total 

P 

z  as 

1,324,693 

5,097,471 

2  63 

45 

308 

0.0060 

3.85 

1* 

387,808 

871,022 

111 

20 

131 

0. U150 

2.25 
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ii     3 
>■  « 

0     U 

«    a 

0 

z  S. 

571.182 

3,704,094 

122 

69 

191 

0.0052 
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148,661 

371,900 

33 

14 

47 

0.0126 

2.50 

■0 

■i 
S 

S    3 

<b   a 
Z  « 

3.581 

24.21;-, 

134 

12 

146 

0.6016 

6.78 

1,593 

6,839 

30 

1 

31 

0.4532 

4.29 
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Part  5 
Thermite  Welding 

If  a  mixture  of  finely  divided  metallic  aluminiun  and  iron  oxide,  contained  in  a 
suitable  refractory  crucible,  is  kindled  to  ignition  temperature  by  the  burning  of  a 
small  amount  of  powdered  magnesium  and  barium  oxide,  a  violent  exothermic  reac- 
tion takes  place  with  the  rapid  oxidation  of  aluminum  fed  by  oxygen  released  in  the 
reduction  of  iron  oxide  to  iron  as  represented  by  the  following  chemical  equation, 
2A1  +  Fe:>03  =  AI2O3  +  2Fe  +  185,000  calories.  So  much  heat  is  liberated  in  just  a 
few  seconds  that  the  products  of  the  reaction  can  be  tapped  from  the  crucible  bot- 
tom as  fluid  iron  at  approximately  4400  F,  followed  by  the  lighter  fluid,  aluminum- 
oxide  slag.  Steel  of  a  desired  chemistry  can  be  made  with  this  process  by  addition 
of  the  proper  alloying  materials  as  part  of  the  aluminum  and  iron-oxide  mixture. 
This  process  was  discovered  by  a  German  scientist,  Professor  Dr.  Hans  Goldschmidt, 
at  the  end  of  the  19th  Century  and  has  come  to  be  known  generically  as  the 
aluminothermic  or  thermite  process. 

Although  the  thermite  process  has  been  of  great  service  in  carbon-free  reduction 
of  metallic  oxide  and  the  utilization  of  the  exothermic  heat  of  reaction  for  heat 
treatment  of  steel  in-place  in  structures  such  as  welded  pipelines  far  removed  from 
normal  heat-treating  facilities,  the  large  use  of  this  process  from  the  beginning  has 
been  for  welding,  especially  as  a  means  to  join  rail  ends. 

As  a  means  for  rail  welding,  the  thermite  process  has  been  used  extensively 
world-wide  since  its  beginning  in  electric  street  railway  systems  and  later  outside 
the  United  States  in  railroad  systems  for  the  continuous-welded-rail  type  of  con- 
struction. This  system  of  welding,  which  is  basically  a  steel  casting  joining  two  rail 
ends,  has  undergone  much  development  and  has  now  won  some  acceptance  in  the 
United  States,  mostly  as  an  alternate  for  joint  bars  in  the  final  joining  of  long 
strings  of  continuous  welded  rail  in  track. 

At  the  present  time,  only  two  European  thermite  systems  and  two  American 
systems  are  used  to  any  extent  in  the  United  States.  The  European  and  American 
systems  vary  basically  in  the  method  of  preheating,  crucible  tapping  and  in  the 
types  of  molds  and  crucibles. 

The  two  European  systems  both  use  fairly  heavy  prefabricated  sand-clay  molds 
contained  by  steel  jackets  when  clamped  around  the  rail  ends  to  provide  a  molded 
cavity  for  making  a  casting  to  bridge  the  two  rail  ends.  The  two  European  systems 
both  use  a  gas  preheating  torch  with  a  nozzle  directing  flame  downward  through 
an  opening  in  the  mold  to  heat  the  rail  ends  to  1800  F  or  higher  before  igniting 
the  thermite  charge  in  a  separate  crucible  located  just  above  and  centered  over  the 
mold.  When  the  thermite  charge  is  fully  combusted  and  the  lighter  slag  is  separated 
by  flotation  from  the  steel  in  the  crucible  bottom,  the  crucible  is  manually  tapped, 
and  the  fluid  steel  flows  into  the  mold  to  form  a  casting  around  the  rail  ends  while 
the  slag  runs  into  an  overflow  pan.  When  the  steel  cools  to  a  plastic  state,  the  mold, 
which  is  expendable,  is  knocked  apart,  and  the  excess  metal  is  chiseled  from  the 
ball  of  the  rail  and  ground  to  section  on  the  siurface  and  sides  of  the  ball. 

The  two  American  systems  both  use  shell-type  prefabricated  molds  which  in- 
clude the  crucible  as  part  of  the  mold.  Crucible  tapping  in  both  is  automatically 
controlled  by  the  burning  through  of  steel  disks  in  the  crucible  bottom  after  the 
proper  combustion  time  period. 
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In  one  system  preheating  is  accomplished  by  the  burning  of  nonconsuming 
cavitv'-forming  inserts  of  exothennic  material  inside  the  shell  molds.  In  the  other 
system,  ho\ve\er,  preheating  is  accomplished  bv  pouring  an  excess  of  molten  steel 
between  the  rail  ends  which  is  drained  oft  through  passages  near  the  rail  base  edges 
into  a  sump.  When  this  sump  is  filled,  the  mold  cavity  around  the  rail  ends  fills  up 
to  form  the  casting. 

The  expendable  molds  of  both  American  systems  are  knocked  apart  when  the 
steel  cools  to  a  plastic  state,  and  the  excess  steel  on  the  ball  of  the  rail  is  then 
chiseled  off  and  ground  to  section  on  the  siu-face  and  sides  of  die  ball  as  done  with 
the  European  systems. 

When  the  thermite  weld  has  cooled  enough  that  it  will  not  harm  crystal  trans- 
ducers, it  is  possible  to  make  by  ultrasonic  means  a  partial  test  of  the  weld  mate- 
rial homogeneit)'. 

The  manufacturers  of  all  the  above  thermite  rail  welding  systems  furnish 
descriptive  material  obtainable  from  tlie  manufacturers  or  dieir  agents. 


Report   on   Assignment   2 
Laying 

O.  E.  Fort  (chairman,  subcommittee),  W.  D.  Almy,  E.  J.  Brown,  E.  M.  Cum- 
MiNGS,  E.  Eskengren,  B.  J.  GoRDON,  J.  W.  Harper,  F.  E.  Huddleston,  J.  C. 
HuNSBERGER,  T.  B.  HuTCHESON,  H.  W.  Ienkins,  B.  |.  Johnson,  C.  W.  Law,  Jr., 
M.  S.  Reid,  C.  W.  Wagner,  E.  H.  Waring. 

Part   1 

Manual   Recommendations 

Your  committee  submits  the  following  as  Appendix  I  of  the  existing  Specifica- 
tions for  Track  Construction,  Part  4,  Chapter  5  of  die  Manual,  with  the  recom- 
mendation that  it  be  adopted  and  published  in  the  Manual  immediately  following 
the  aforementioned  Specifications  for  Track  Construction. 

APPENDIX    I— WHERE    TRACK    IS    CONSTRUCTED    WITH 
CONTINUOUS  WELDED  RAIL  (CWR) 

1.  No  track  shall  be  laid,  and  no  track  materials  shall  be  placed  on  the  roadbed, 
until  the  subgrade  has  been  finished  and  the  sub-ballast  placed  and  compacted. 

2.  The  railway  company  will  specify  the  length  of  the  strings  of  CWR  to  be  laid 
and  the  number,  length  and  location  of  buffer  rails  to  be  used. 

3.  It  is  recommended  that  prior  to  the  laying  of  CWR,  the  railway  company 
should  determine  and  record  the  maximum  and  minimum  rail  temperatures  in  the  areas 
as  laying  procedures  are  dependent  on  the  total  range  of  temperature  to  be  experienced 
by  the  rail. 

4.  Although  it  is  a  recommended  practice  to  lay  CWR  when  the  rail  temperature 
is  u-ithin  plus  or  minus  10  deg  F  of  the  regional  mean  temperature,  it  should  be  the 
railway  company's  responsibility  to  establish  the  desired  laying  temperature.  When  it  is 
not  possible  to  lay  the  rail  at  the  desired  laying  temperature,  the  contractor  shall  re- 
cord the  temperature  of  each  rail  laid  and  make  the  necessary  adjustments  at  a  later 
date.  All  adjustments  shall  be  made  as  per  instructions  of  a  railway  company  repre- 
sentative, and  buffer  rails  may  be  used,  if  desired,  in  any  length  less  than  39  ft. 
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5.  When  laying  CVVR  in  new  track  construction,  the  rail  ends  should  be  laid  with- 
out expansion  gap,  and  Paragraph  22  of  the  Specifications  for  Track  Construction  will 
not  apply. 

6.  Paragraph  28  of  the  Specifications  for  Track  Construction  will  not  apply  when 
using  CWR. 

7.  A  string  of  CWR  should  not  end  on  the  deck  of  an  open-deck  bridge  nor  may 
it  be  less  than  300  ft  from  the  face  of  the  backwall  on  the  track  side. 

8.  The  contractor  should  apply  all  rail  anchors  immediately  behind  the  laying  of 
CWR,  and  all  rail  except  the  last  string  laid  each  day  should  be  fully  anchored  before 
the  day's  work  is  completed.  The  rail  should  be  anchored  in  accordance  with  the  AREA 
recommendations  contained  in  Rail  Creepage — Number  and  Position  of  Rail  Anchors 
(Continuous  Welded  Rail),  Part  S,  this  Chapter.  Likewise,  ballast  should  be  unloaded 
and  all  cribs  should  be  filled  as  soon  as  rail  anchors  have  been  applied. 

9.  The  track  should  be  surfaced  and  tamped  as  soon  as  possible  after  the  laying 
of  the  CWR. 


Part  2 
Statistics 

Track  Miles  of  Continuous  Welded  Rail  Laid  by  Years,  1933-1966 


1933 O.K) 

1934 0.95 

1935 4.00 

1936 1.52 

1937 31.23 

1939 6.04 

1942 5.48 

1943 6.29 

1944 1 2 .  88 

1945 4.81 

1946 3.91 

1947 18.70 

1948 29.93 

1949 33.05 

1950 50.25 

1951 37.25 

1952 40.00 

1953 80.00 

1954 87 .  00 


Oxy- 

Electric 

acetylene 

Flash 

Total 

1955 

194.50 

72 

266.50 

1956 

372.33 

89.10 

461.43 

1957 

390.47 

159.65 

550.12 

1958 

148.11 

312.13 

460.24 

1959 

378.65 

691.92 

1070.57 

1960 

299.42 

961.20 

1260.62 

1961 

94.13 

926.50 

1020.63 

1962 

310.59 

1183.34 

1493.93 

1963 

497.52 

1360.48 

1858.00 

1964 

.586.76 

1796.74 

2383.50 

1965 

700. .59 

1655.74 

2356.33 

1966 

746.61 

1984.71 

2731.32 

16.366.70 

Break-Down  of  Continuous  Welded  Rail  Laid  in  1966 — Track  Miles 


Oxyacetylene 

Electric 

Flash 

Totals 

New 

Second- 
Hand 

New 

Second- 
Hand 

Main  Track 

482.21 

257.30 
7.10 

1402.56 

535.77 
46.38 

2677 . 84 

Yard  Tracks 

53.48 

482.21 

264.40 

1402.56 

582.15 

2731.32 
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Report   on   Assignment   3 
Fastenings 

R.  E.  Frame  (chairman,  subcommittee),  C.  M.  Bowman,  ].  E.  Campbell,  ].  D. 
Case,  O.  E.  Fort,  R.  G.  Garland,  B.  ].  Goi«)on,  J.  W.  Harper,  B.  J.  John- 
son, J.  A.  MacNab,  C.  R.  Merriman,  C.  E.  Morgan,  R.  H.  Patterson,  R.  P. 
RoDEN,  A.  E.  Shaw,  Jr.,  R.  B.  Stampfle,  C.  W.  Wagner. 

Your  committee  submits  its  report  on  Assignment  3  in  two  parts.  Part  1  is  a 
brief  report  on  the  use  of  epoxy  at  rail  joints.  Part  2  is  a  report  on  the  progress 
of  the  investigation  on  anchorage  of  continuous  welded  rail. 


Part  1 
Use  of  Epoxy  at  Rail  Joints  (Except  Insulated  Joints) 

The  use  of  epoxy  to  provide  additional  joint  restraint  and  reduce  joint  mainte- 
nance has  been  considered  by  maintenance  people  for  some  time.  An  inquiry  on  the 
subject  was  sent  to  all  railroads  and  22  roads  answered.  Of  the  22,  six  had  experi- 
ence with  epo.xy  glued  joints.  The  following  outline  is  based  on  tlie  experience 
gained  in  the  application  of  epoxy  to  a  total  of  1288  joints  in  continuous  ^\'elded 
rail: 

A.  Special  Equipment  Required: 

1.  Air  compressor  and  sand  blaster. 

2.  Rail  expander. 

B.  Special  Conditions: 

1.  Weather  must  be  dry  and  warm. 

C.  Procedure: 

1.  Remove  joint  bars. 

2.  If  rail  ends  are  not  already  together,  bring  them  tight  with  rail 
expander. 

3.  Sandblast  the  contact  area  of  joint  bars  and  rail  ends,  with  special 
attention  to  the  joint  contact  area  on  tlie  underside  of  the  rail  head. 

4.  Mix  epoxy. 

5.  Apply — using  clean  rubber  gloves.  Dip  fiingers  in  mixture  and  spread 
a  good,  even  coating  on  the  contact  area  of  the  joint  bars  and  rails.  Be 
sure  contact  areas  are  covered  thoroughly. 

6.  Carefully  place  joint  bars  on  rail  and  tighten  bolts.  Bars  should  be 
struck  firmly  several  times  with  a  maul  as  bolts  are  tightened  to  in- 
sure that  the  bars  seat  properly. 

7.  Cure  the  epoxy  by  heating  the  bars  uniformly  from  side  to  side. 

D.  Cost: 

1.  Minimum:  labor  $9.00,  material  $5.00,  total  $14.00.  This  is  minimum 
under  excellent  conditions.  It  is  likely  most  applications  will  be  more 
expensive. 

E.  Results: 

1.  All  roads  with  experience  reported  failures  and  unsatisfactory  results. 
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F.   Recommendation: 

1.  All    roads    with   experience,   except  one,   reported   they  have   decided 
against  further  use. 

Based  on  the  above,  your  committee  does  not  recommend  the  use  of  epoxy  to 
glue  joints  on  continuous  welded  rail. 

Your  committee  recommends  that  this  assignment  be  dropped. 

Part  2 

Anchorage   of  Continuous   Welded   Rail 
(Statement  of   Progress) 

Object 

Design  and  recommend  minimum  anchor  patterns  for  CWR. 

Method 

Scientific  research  by  AAR  Research  Department,  which  allotted  $5,000  for  this 
work  during  1966.  Tests  to  measure  the  forces  being  transferred  to  the  ties  by  the 
rail  anchors  have  been  set  up.  Measurements  will  be  taken  at  six  locations  per 
string,  under  various  anchor  patterns,  of: 

1.  Rail  movement. 

2.  Tie  displacement. 

3.  Force  applied  by  anchors  to  the  ties. 

In  addition,  strain-gage  readings  will  be  taken  in  the  web  of  the  rail  to 
measure  joint  restraint.  The  size  and  length  of  ties  and  the  type,  size  and  condition 
of  ballast  will  be  recorded. 

Initially  these  measurements  will  be  made  on  approximately  1440-ft  strings 
without  buffer  rails,  under  the  following  anchor  patterns: 

1.  Every  tie  box-anchored. 

2.  Every  other  tie  box-anchored. 

3.  Every  other  tie  box-anchored  plus  an  additional  back-up  anchor  on  inter- 
mediate ties. 

Progress 

The  test  installations  have  not  been  under  scrutiny  long  enough  to  gather  data 
on  a  complete  seasonal  cycle  of  warm  and  cold  weather  and  therefore  no  conclu- 
sions have  been  reached. 

Comments 

Study  will  be  continued  through  next  year. 
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Report  on   Assignment  4 
Maintenance 

].  R.  Rymer  (chairman,  subcommittee),  W.  D.  Almy,  C.  M.  Bowman,  E.  M.  Cum- 
MiNGS,  R.  E.  Dove,  E.  Eskengren,  R.  G.  Garland,  B.  J.  Gordon,  R.  E. 
GoRsucH,  H.  W.  Jenkins,  B.  [.  Johnson,  A.  S.  McRae,  C.  R.  Merriman, 
B.  R.  Prusak,  F.  L.  Rees,  C.  W.  Wagner,  E.  H.  Waring,  C.  E.  Weller. 

Your  committee  submits  the  following  report  as  information: 

Adjusting   Continuous   Welded   Rail 

When  it  is  not  practicable  to  lav  continuous  welded  rail  within  the  tempera- 
ture range  recommended  in  Chapter  5  of  the  Manual,  it  is  desirable  to  make  ad- 
justments at  a  later  date  when  the  temperature  reaches  this  range. 

Where  buffer  rails  are  used,  they  are  installed  at  tlie  end  of  each  string  when 
the  rail  is  laid.  When  adjustments  are  necessary,  the  length  of  the  buffer  rail  is 
changed  the  required  amount. 

Where  buffer  rails  are  not  used,  adjustments  are  made  only  for  rail  laid  below 
the  mean  temperature  range.  When  rail  temperatures  reach  the  mean  temperature, 
the  string  is  cut  the  required  amount.  In  some  cases  when  rail  is  laid  above  the 
mean  temperature  range,  additional  rail  anchors  are  used  to  restrain  tension  forces. 

To  determine  the  amount  of  adjustment  to  be  made,  it  is  necessary  to  know 
the  regional  mean  temperatme  for  the  laying  locations,  the  temperature  at  which 
the  rail  was  laid  and  the  length  of  the  continuous  welded  rail  string.  The  amount 
of  adjustment,  in  inches,  to  be  added  or  subtracted,  is  equal  to  the  difference  in 
degrees  Fahrenheit  between  the  regional  mean  temperature  and  the  temperature  at 
which  the  rail  was  laid,  multiplied  by  the  length  of  the  continuous  welded  rail 
string  and  multiplied  by  a  factor  of  0.000078. 

For  example,  rail  laid  at  40  deg  F,  regional  mean  temperature  70  deg  F  (dif- 
ference 30  deg),  lengtli  of  continuous  welded  rail  string  1440  ft: 

30  X  1440X  0.000078  =  3.4  in 

In  this  case  the  length  of  the  buffer  rail  or  the  continuous  welded  rail  string 
should  be  shortened  3.4  in. 

In  making  adjustments,  all  rail  anchors  should  be  removed  from  the  string  or 
strings  to  be  adjusted,  adjustment  made  and  rail  anchors  reapplied. 
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(E)  Member  Emeritus. 

t  Died   December   20,    1966. 

Those  whose  names  are  shown  in  boldface,  in  addition  to  the  chairman,  vice  chairman  and 
secretary',  are  the  subcommittee  chairmen,  and  those  designated  by  asterisks  constitute  the 
Engineering   Division,   AAR,   Committee   4. 

To  the  American  Raihcay  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1 .  Revision  of  Manual 

Progress  report,  with  recommendations  submitted  for  adoption    page  408 

2.  Collaborate  with  AISI  Technical  Committee  on  Rail  and  Joint  Bars  in 
research  and  other  matters  of  mutual  interest. 

Progress  report,  presented  as  infonnation   page  409 

Appendix    2a — Report    on    investigation    of    failures    in    control-cooled 

rails     page  409 

3.  Rail  failure  statistics,  covering  (a)  all  failures;   (b)   transverse  fissures; 
(c)  performance  of  control-cooled  rail. 

Progress  report,  presented  as  information page  418 

4.  Rail  end  batter;  causes  and  remedies. 

Progress   report,  presented  as  information    page  437 
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Appendix    4a — Evaluation    of    Linde's    experimental    936-89    wire    for 

battered  rail-end-build-up   use    page  437 

Appendix  4b — Rail-end-build-up  service  test  installation   page  452 

6.  Joint  bars:  design,  specifications,  service  tests,  including  insulated  joints 
and  compromise  joints. 

Progress  report,   presented  as  information    page  458 

Appendix  6a — Investigation  of  insulated  rail  joints   page  458 

7.  Metallurgical  effect  of  rail  cropping  methods. 

Progress  report,  presented  as  information    page  460 

Appendix  7a — Metallurgical  examination  of  four  electric  flash  butt  weld 

service  failures    page  460 

8.  Causes    of   shelly   spots    and    head    checks    in    rail:    Methods   for   their 
prevention. 

Progress   report,   presented   as   information    page  463 

Appendix  8a — Results  of  inspections  of  heat-treated  and  alloy  rail  test 

installations  on  curves  with  shelly  histories   page  463 

Appendix  8b — Shelly  rail  studies  at  the  AAR  Research  Center page  477 

9.  Standardization  of  rail  sections. 

Progress   report,   presented   as   information    page  488 

The  Committee  on  Rail, 
Charles  E.  Weller,  Chairman. 
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Cfjarles  ST.  Cobc 

(1900=1966) 

Charles  J.  Code,  retired  assistant  chief  engineer,  Pennsyh  ania  Railroad,  Past 
President  and  Honorar>-  Member  of  the  AREA,  died  at  the  Bryn  Mawr  Hospital, 
Bn,-n  Mawr,  Pa.,  on  December  20,  1966,  at  the  age  of  66.  He  is  survived  b\  his 
wife,  the  fonner  .\nne  Porter;  a  daughter,  Mrs.  Anne  Barta;  two  sons,  Charles  J., 
Jr.,  and  James  Grant;  a  brother.  Grant  H\de  Code  and  a  sister,  Mar\-  Code. 

Mr.  Code,  the  son  of  James  Grant  and  Frances  (Cleaver)  Code,  was  born  at 
La  Crosse,  Wis.,  March  9,  1900.  He  graduated  from  Carnegie  Institute  of  Tech- 
nology with  the  degree  of  Bachelor  of  Science  in  Civil  Engineering,  and  was  a 
member  of  Tau  Beta  Pi. 

He  entered  the  service  of  the  Pennsylvania  Railroad  in  1920  as  a  draftsman, 
was  furloughed  to  complete  his  education  and  retiumed  to  the  railroad  in  1921  as 
a  clerk  at  South  Fork,  Pa.  Advancing  tlirough  subsequent  assignments  as  rodman, 
assistant  supervisor  track  and  supervisor  track,  he  was  appointed  division  engineer 
in  1930,  assistant  to  the  chief  engineer,  maintenance  of  way.  Central  Region,  in 
1937  and  in  1941  was  promoted  to  engineer  of  tests,  maintenance  of  way  at  Altoona, 
Pa.  He  was  transferred  to  Philadelphia  in  the  same  capacit>'  in  1950,  appointed 
assistant  chief  engineer — engineer  of  tests  on  January  1,  1954,  and  subsequently 
assistant  chief  engineer — staff  and  assistant  chief  engineer  of  The  Pennsylvania  Rail- 
road, serving  in  the  latter  capacit>'  until  he  retired  on  April  1,  1965. 

Mr.  Code  was  a  member  of  the  American  Society'  for  Testing  Materials,  the 
Societv  for  Experimental  Stress  Anahsis,  PennsyKania  Forestry  Association,  and  a 
former  Director  of  the  National  Rifle  Association,  having  won  the  senior  cup  in 
1955  National  Matches.  He  was  active  in  the  affairs  of  the  Good  Samaritan 
Episcopal  Church  at  Paoli,  Pa. 

Mr.  Code  joined  the  American  Railway  Engineering  Association  in  1942  and 
thereafter  took  an  active  part  in  its  work.  He  was  a  member  of  Committee  4 — Rail, 
from  1942  until  his  death,  was  its  vice  chairman  from  1949  to  1951,  inch,  and  its 
chairman  from  1952  to  1954,  inch  He  was  keenly  interested  in  the  causes  of  rail 
failures  and  was  prominent  in  the  development  of  improved  rail  sections  designed 
to  accommodate  the  loads  produced  by  modern  cars  and  locomotives.  He  was  a 
member  of  Committee  '3 — Ties  from  1958  until  1961.  Mr.  Code  was  made  a  mem- 
ber of  the  AREA  Board  Committee  on  Research  in  1958  and  was  its  chairman 
from  1963  until  his  retirement.  He  became  chairman  of  the  AAR  Joint  Committee 
on  Relation  Between  Track  and  Equipment  in  1954,  a  member  of  the  AAR  Detector 
Car  Committee  in  1958  and  a  member  of  the  AAR  Research  Consulting  Committee 
in   1959,  serving  in  each  of  these  capacities  until  his  retirement. 

In  recognition  of  his  ability  and  outstanding  work  in  the  affairs  of  die  AREA, 
Mr.  Code  was  elected  and  ser\ed  as  director  (1955-1957),  as  vice  president  (1960- 
1962)  and  as  president  (1962-1963).  He  was  made  an  Honorarv-  Member  in  March, 
1965. 

Mr.  Code  was  warmly  esteemed  by  those  who  had  an  opportunity  to  work 
with  him  and  was  greatly  respected  for  his  contributions  to  the  field  of  railway 
engineering. 
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Report  on  Assignment   1 
Revision  of  Manual 

C.  E.  Weller  (chairman,  subcommittee),  H.  B.  Berkshire,  R.  E.  Catlett,  Jr., 
J.  B.  Clark,  ].  T.  Collinson,  F.  L.  Etchison,  R.  G.  Garland,  V.  E.  Hall, 
T.  B.  HxrrcHESON,  A.  V.  Johnston,  R.  R.  Lawton,  A.  B.  Merritt,  ]b..,  C.  E. 
Morgan,  ].  S.  Parsons,  G.  C.  Payne,  R.  B.  Rhode,  H.  M.  Williamson. 

Your  committee  submits  for  adoption  the  following  recommendations  with 
respect  to  Chapter  4 — Rail.  The  intention  is  to  incorporate  basic  oxygen  steel  in  the 
rail,  joint  bar  and  track  bolt  specifications  without  any  restrictions. 

The  specific  recommendations  are  as  follows: 

Pages  4-2-1  to  4-2-6.1,  incl. 

SPECIFICATIONS  FOR  OPEN-HEARTH  STEEL  RAILS   (BASIC  OXYGEN 
PROCESS  MAY  BE  USED  AT  THE  OPTION  OF  THE  PURCHASER) 

Change  title  to:  "Specifications  For  Steel  Rails." 
Add  a  "process"  article  to  read: 

Process 

The  steel  shall  be  made  by  either  or  both  of  the  following  processes:  open 
hearth  or  basic  oxygen. 

Pages  4-2-9  to  4-2-11,  incl. 

SPECIFICATIONS   FOR   HIGH-CARBON-STEEL   JOINT   BARS 

Change  Art.  2.  Process,  to  read: 

2.  Process 

The  steel  shall  be  made  by  one  or  more  of  the  following  processes:  open 
hearth,  basic  oxygen  or  electric  furnace. 

Pages  4-2-12  to  4-2-14,  incl. 

SPECIFICATIONS    FOR    QUENCHED-CARBON-STEEL    JOINT    BARS 

Change  Art.  2.  Process,  to  read: 

2.  Process 

The  steel  shall  be  made  by  one  or  more  of  the  following  processes:  open 
hearth,  basic  oxygen  or  electric  furnace. 

Pages   4-2-15  to  4-2-18,  incL 

SPECIFICATIONS  FOR  HEAT-TREATED  CARBON-STEEL  TRACK 
BOLTS  AND  CARBON-STEEL  NUTS 

Change  Art.  2.  Process,  to  read: 
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2.  Process 

(a)  The  steel  for  the  bolts  shall  be  made  by  one  or  more  of  the  following 
processes:   open  hearth,  basic  oxygen  or  electric  furnace. 

(b)  The  steel  for  the  nuts  shall  be  made  by  one  or  more  of  the  following 
processes:   open  hearth,  Ixisic  oxygen,  electric  furnace  or  acid  bessemer. 

Change  Art.  3.  Chemical  Composition,   to  read: 

3.  Chemical  Composition 

(a)  No  change. 

( b )  The  steel  for  die  nuts  shall  conform  to  the  grades  of  current  ASTM  Speci- 
fications, Designation  A  107,  except  that  the  minimum  carbon  content  of  the  open 
hearth,  basic  oxygen  or  electric  furnace  grade  shall  be  0.15  percent. 

(c)  No  change. 

[It  will  be  noted  that  the  free  cutting  has  been  eliminated  from  paragraph  (b) 
above.  This  was  done  to  provide  for  the  application  of  non-free-cutting  grades  as 
well  as  the  free-cutting  grades.  At  least  one  of  the  track  bolt  manufacturers  has 
found  that  the  use  of  free-cutting  grades  is  not  economically  justified  for  track  bolt 
nuts.  It  does  not  appear  to  the  committee  that  anyone  would  object  to  the  non- 
free-cutting  grades]. 

Pages  4-2-19  to  4-2-21,  inch 

SPECIFICATION  FOR  SPRING  WASHERS 

Change  Art.  2.  Material,  to  read: 

2.  Material 

Material  for  spring  washers  shall  be  of  steel,  manufactured  by  the  electric 
furnace,  open  hearth,  basic  oxygen,  or  crucible  process. 

Report   on   Assignment  2 

Collaborate  with  AISI  Technical   Committee  on  Rail  and  Joint 
Bars  in  Research  and  Other  Matters  of  Mutual  Interest 

C.  E.  Weller  (chairman,  subcommittee),  ].  B.  Clark,  C.  ].  Code,  L.  S.  Crane, 
W.  J.  Cruse,  D.  T.  Faries,  O.  E.  Fort,  W.  T.  Hammond,  C.  C.  Herrick, 
T.  B.  HuTCHESON,  A.  B.  Merritt,  B.  R.  Meyers,  C.  E.  Morgan,  G.  L.  P. 
Plow,  E.  H.  Waring,  H.  M.  Williamson. 

Your  committee  sponsored  one  investigation  which  was  carried  out  under  the 
direction  of  the  AAR  Research  Center  staff.  The  report  on  this  work,  entitled  "In- 
%'estigation  of  Failures  in  Control-Cooled  Rail,"  is  presented  below  as  Appendix  2a. 

Appendix   2a 
investigation  of  Failures  in  Control-Cooled   Rail 

In  the  period  between  October  1,  1965  and  October  1,  1966,  18  failures,  serv- 
ice and  detected,  in  c-ontrol-cooled  rail  were  submitted  to  the  Association  of  Ameri- 
can Railroads  Research  Center  for  a  metallurgical  examination.   To  date,   investiga- 
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tion  has  been  completed  on  7  of  these  18  failures.  Table  1,  and  is  still  being  con- 
ducted on  the  other  11.  A  report  has  been  sent  to  the  railroads  submitting  the 
failure  and  to  the  manufacturers  producing  the  rail. 

Investigation  132-8  involved  a  30-ft  switch  point  having  an  internal  defect 
indication  detected  by  a  Sperry  detector  car.  This  switch  point  was  made  from  a 
132  RE  control-cooled  rail  section  rolled  by  the  United  States  Steel  Corporation's 
Edgar  Thompson  Works.  To  verify  the  presence  of  the  internal  defect,  the  switch 
point  was  nicked  in  the  base  with  a  cutting  torch  and  broken.  The  fractured  faces 
are  shown  in  Fig.  1.  Visual  examination  of  them  showed  no  evidence  of  an  internal 
discontinuity.  A  transverse  section  cut  close  to  the  fracture  was  etched  with  a  10 
percent  nital  solution.  This  etched  section.  Fig.  2,  shows  a  shell  on  the  gage  side 
of  the  rail  head.  The  indication  of  an  internal  defect  was  probably  due  to  the 
presence  of  small  shells  on  each  side  of  the  fracture. 

Investigation  132-9  involved  a  transverse  defect  detected  by  a  Sperry  detector 
car.  The  rail  was  identified  as  a  112  RE  section  rolled  by  the  Bethlehem  Steel 
Company's  Lackawanna  Mill  from  heat  number  27327,  ingot  number  3,  letter  B.  To 
verify  the  presence  of  this  defect,  the  rail  specimen  was  nicked  in  the  web  and 
base  and  then  broken.  A  photograph  of  the  fractured  faces  showing  a  fatigue  ring 
development  can  be  noted  in  Fig.  3.  This  failure  should  be  classified  as  a  detailed 
fracture  from  a  shell. 

Investigation  135-12  involved  a  service  failure  of  a  131  RE  section  rolled  by 
the  U.  S.  Steel  Corporation's  Edgar  Thompson  Mill.  A  photograph  of  the  fractured 
faces  showing  a  fatigue  ring  development  can  be  noted  in  Fig.  4.  A  photomacro- 
graph  of  a  transverse  section  cut  from  the  rail  close  to  the  fractured  face,  Fig.  5, 
shows  the  presence  of  a  shell  at  the  gage  corner.  This  failure  should  be  classified  as 
a  detailed  fracture  from  a  shell. 

Investigation  135-13  involved  a  service  failure  of  a  100-lb  HF  section  rolled 
by  the  Algoma  Mill  in  January  1950  from  heat  number  6065,  ingot  number  8, 
letter  C.  A  photograph  of  the  fractured  face  showing  a  fatigue  ring  development 
can  be  noted  in  Fig.  6.  A  specimen  was  cut  longitudinally  to  the  rail  in  a  vertical 
plane  through  the  nucleus  of  the  fatigue  ring  for  a  microscopic  examination.  Photo- 
micrographs showing  the  presence  of  a  foreign  material  at  the  nucleus  of  this  failure 
can  be  seen  in  Figs.  7  and  8.  This  failure  should  be  classified  as  a  transverse  fissure 
from  a  foreign  entrapment. 

Investigation  135-17  involved  three  service  failures,  all  115  RE  rail  sections. 
Specimens  A  and  B  were  rolled  by  the  Bethlehem  Steel  Company's  Lackawanna 

Mill  in  April  1954  from  heat,  ingot,  letter,  24221 A  and  36252-6-A  respectively. 

Specimen  C  was  rolled  by  the  Inland  Steel  Company  in  May  1955  from  heat,  ingot, 
letter,  27494-17-A.  Photographs  showing  the  uneven  bearing  between  the  rail  base 
and  tie  plate  can  be  seen  in  Figs.  9,  11  and  13.  Photomicrographs  showing  the 
seam  in  specimen  A  and  B  at  a  magnification  of  SOX  can  be  seen  in  Figs.  10  and 
12.  A  photomicrograph  showing  the  presence  of  rolled-in  mill  scale  in  the  base  of 
Specimen  C  at  a  magnification  of  150X  can  be  seen  in  Fig.  14.  A  small  seam  was 
present  in  this  specimen,  but  is  not  shown  in  the  photomicrograph.  These  failures 
can  be  attributed  to  the  presence  of  base  seams  in  conjunction  with  an  unusually 
high  impact  loading  from  some  unknown  cause  at  sub-zero  temperatures. 
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Fig.  1  (Investigation  132-8) — Photograph  showing  the  fractured  faces  re- 
sulting from  nicking  and  breaking.  It  can  be  noted  that  no  internal  defects  are 
apparent. 


Fig.  2  (Investigation  132-8)— Photo- 
graph of  a  transverse  section  cut  through 
one  of  the  small  shells.  This  shell,  lo- 
cated in  the  gage  comer,  is  indicated 
with  an  arrow.  The  heat  pattern  shown 
in  the  head  of  this  switch  point  indi- 
cates that  it  was  subjected  to  an  ele- 
vated temperature.  Etchant,  10  percent 
nital. 
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Fig.  3  (Investigation  132-9) — Photograph  showing  the  fractured  faces  result- 
ing from  nicking  and  breaking.  The  transverse  discontinuity  ( detailed  fracture ) 
detected  by  the  Sperrv'  detector  car  can  be  noted. 


Fig.  4  (Investigation  132-12) — Photograph  of  the  fractured  faces  showing 
a  detail  fracture.  This  detail  fracture  ( fatigue  ring  growth  from  surface  of  rail 
head )   developed  from  a  shell. 
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Fig.  5  (Investigation  135-12)— Pho- 
tomacrograph  of  a  transverse  section  cut 
from  the  rail  close  to  the  fractured  face. 
This  etched  section  shows  the  presence 
of  a  shell,  indicated  by  an  arrow,  at  the 
gage  corner.  Etchant,  hot  50  percent 
H.O,  50  percent  HCl. 


Fig.  6  (Investigation  135-13)— Pho- 
tograph of  the  fractured  face  showing  a 
transverse  fissure  (fatigue  ring  develop- 
ment) in  the  rail  head. 


Figs.  7  and  8  (Investigation  135-13) 
— Photomicrograph  showing  the  pres- 
ence of  a  foreign  material  at  the  nu- 
cleus of  this  fatigue  failure.  Etchant  3 
percent  nital,  magnification  500X. 
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Fig.  9  (Investigation  135-17,  specimen  A) — Photograph  showing  bearing  area 
between  the  rail  base  and  tie  plate.  An  uneven  bearing,  indicated  by  the  light 
(polished)   areas  beneath  each  toe  of  the  rail  base  can  be  noted. 


Fig.  10  (Investigation  135-17) — Photomicrograph  showing  the  seam  in  speci- 
men 135-17A  at  a  magnification  of  SOX.  The  ferrite  (white  area)  outlining  the 
seam  is  characteristic  of  this  defect.  Etchant  3  percent  nital. 
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Fig.  11  (Investigation  135-17,  Specimen  B) — Photograph  showing  the  bearing 
area  between  the  rail  base  and  tie  plate.  An  uneven  bearing,  indicated  by  the 
light    ( polished )    areas  beneath  each  toe  of  the  rail  base  can  be  noted. 


Fig.  12  (Investigation  135-17) — Photomicrograph  showing  the  seam  in  speci- 
men 135-17B  at  a  magnification  of  50X.  The  ferrite  (white  area)  outlining  the 
seam  is  characteristic  of  this  defect.  Etchant  3  percent  nital. 
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Fig.  13  (Investigation  135—17,  Specimen  C) — Photograph  showing  the  bear- 
ing area  between  the  rail  base  and  tie  plate.  An  uneven  bearing,  indicated  by  the 
light   (polished)   areas  beneath  each  toe  of  the  rail  base,  can  be  noted. 


Fig.  14  (Investigation  135-17) — Photomicrograph  showing  the  base  (trans- 
verse plane)  of  specimen  135-17C  at  a  magnificatioin  of  150X.  The  presence  of 
rolled-in  mill  scale  (white  area)  can  be  noted.  A  small  seam  was  present  but  is 
not  shown  in  this  photomicrograph.  Etchant  3  percent  nital. 
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Report  on   Assignment  3 

Rail   Failure   Statistics   Covering  (a)  All   Failures,   (b)  Transverse 
Fissures,  (c)  Performance  of  Control-Cooled  Rail 

D.  T.  Faries  (chairman,  subcommittee),  S.  H.  Barlow,  B.  Bristow,  R.  F.  Bush, 
R.  D.  Claborn,  C.  T-  Code,  L.  S.  Crane,  C.  E.  R.  Haight,  W.  T.  Hammond, 
C.  C.  Heiuuck,  H.  W.  Jenkins,  A.  V.  Johnston,  K.  K.  Kessler,  H.  R.  Moore, 
C.  E.  Morgan,  C.  F.  Parvin,  D.  H.  Shoemaker,  H.  F.  Smith,  W.  A.  Smith, 
C.  E.  Weller. 

These  statistics  are  based  on  the  rail  failures  reported  to  December  31,  1965, 
and  are  submitted  as  information.  They  include  the  service  and  detected  failures 
reported  by  45  railroads  on  all  of  their  main-track  mileage,  which  constitutes  ap- 
proximately 90  percent  of  the  main  track  of  Class  I  Railroads  in  the  United  States. 
This  report  is  a  technical  service  of  the  Association  of  American  Railroads  Research 
Department,  W.  M.  Keller,  vice  president — research,  and  was  prepared  by  M.  J. 
Wisnowski,  metallurgical  engineer,  under  the  direction  of  G.  M.  Magee,  director  of 
engineering  research. 

Although  there  have  been  some  changes  in  tiie  mileage  reported  upon  due  to 
various  reasons  as  explained  in  the  footnote  to  Table  1,  nevertheless  the  amount  of 
change  is  relatively  small  compared  to  the  total  mileage  reported  and  does  not, 
therefore,  materially  detract  from  tlie  value  of  these  statistics. 

The  accompanying  tables  and  diagrams  indicate  the  extent  of  control  of  the 
transverse  fissure  problem  that  has  been  obtained  by  the  use  of  control-cooled  rail 
and  detector  car  testing,  give  data  on  the  quality  of  each  year's  rollings  for  the 
various  mills,  and  show  the  types  of  failures  that  are  occurring  on  the  various  rail- 
roads as  related  to  the  mill  producing  the  rail.  Also  included  are  data  reported  on 
all  failures  in  rail  of  all  ages  and  sections.  Data  on  accumulated  butt  weld  failures 
are  included  in  the  report  of  Committee  31 — Continuous  Welded  Rail. 

Transverse  Fissure  Failures 

Data  on  service  transverse  fissure  failures  and  detected  transverse  defects  are 
given  in  Table  1  and  Fig.  1.  Table  1  shows  tPiis  information  for  individual  roads 
for  the  10-year  period  1956  to  1965,  inch  It  can  be  noted  that  there  was  no  signifi- 
cant change  in  the  total  number  of  service  failures  for  1965  as  compared  with  1964, 
405  failures  compared  to  403.  A  substantial  increase  in  failures  was  reported  by  the 
Baltimore  &  Ohio  (57  to  124).  Roads  that  showed  small  reductions  in  their  service 
failures  were  the  Chicago  &  Eastern  Illinois  (23  to  12);  Chicago,  Burlington  & 
Quincy  (11  to  1);  Missouri  Pacific  (43  to  33);  and  the  Southern  Pacific  (22  to  13). 
Substantial  reductions  were  shown  by  the  New  York  Central  (41  to  9). 

The  total  number  of  detected  transverse  defects  increased  from  23,256  in  1964 
to  26,066  in  1965.  Railroads  having  substantial  increases  in  detected  defects  com- 
pared to  last  year  included  the  Canadian  National  (1679  to  2205);  Chicago  &  North 
Western  (792  to  1090);  Louisville  &  Nashville  (742  to  1023);  Missouri-Kansas- 
Texas  (1125  to  2246)  and  the  Norfolk  &  Western  (810  to  3067).  Of  the  2,257 
failure  increase  for  the  Norfolk  &  Western,  1819  could  be  attributed  to  its  Lake 
Region  which  had  not  previously  reported  failures  for  inclusion  in  these  statistics. 
Small  decreases  in  detected  defects  were  reported  by  the  Erie-Lackawanna  (943  to 
714)  and  the  Pennsylvania  (1341  to  1145)  and  substantial  decreases  were  reported 
by  the  Southern  Pacific  (2166  to  1274)  and  the  Union  Pacific  (3128  to  2405). 
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The  number  of  track  miles  tested  by  detector  cars,  according  to  data  received 
from  reporting  roads,  increased  from  215,865  in  1964  to  215,932  in  1965,  as  indi- 
cated in  the  following  table. 


Year  Tedel 

Xo.  of 

Roads 

Reporting 

56 
50 
57 
54 
53 
53 
48 
50 
46 
47 
45 

Truck  Miles 

Tested  by 
Detector  Cars 

1955                                                                            ---    -    

186,322 

1956                                                                   -- 

196,882 

1957                                                                               --   

212,082 

1958                                                                                 

216,731 

1959                                                                               -   

212,833 

1960 

206,731 

1961 

193,516 

1962       ...     _   

206,291 

1963  

199,401 

1964 

215,865 

1965     . -   

215,932 

The  complete  story  on  service  and  detected  failures  is  given  in  Fig.  1.  The 
significance  of  tliis  figure  was  explained  in  detail  in  a  previous  report  and  can  be 
found  in  the  AREA  Proceedings,  Vol.  61,  page  845.  Lines  "C"  and  "D"  were  dis- 
continued in  1958  beecause  they  had  served  their  purpose.  The  most  important  line, 
"A"  in  Fig.  1,  is  for  service  transverse  fissures  and  shows  the  improvement  tliat  has 
been  effected  since  1943  b}-  tlie  use  of  control-cooled  rail  and  detector  car  testing. 

Mill  Performance 

The  number  of  ser\ice  and  detected  rail  failures  that  occur  during  the  first  five 
years  of  service  has  been  considered  to  be  a  good  criterion  of  mill  performance  and 
the  quality  of  rail  as  manufactured.  Fig.  2  shows  these  failures  for  each  year's 
rollings  from  1908  to  1960,  incl.  An  explanation  of  the  large  decrease  in  number  of 
failures  throughout  this  period  was  given  in  the  November  1962  report,  and  can  be 
found  in  the  AREA  Proceedings,  Vol.  64,  page  509.  It  is  gratifying  to  note  that  the 
num!:er  of  failures  is  continuing  at  the  low  level  established  in  the  1955  rollings. 

Fig.  3  shows  the  control-cooled  rail  failure  rates  cumulatively  for  the  rollings 
from  1955  to  1964,  incl.,  by  the  different  mills.  In  making  comparison  between 
mills  as  reflected  in  this  figure,  it  is  important  to  recognize  that  because  of  service 
conditions  on  roads  served  by  the  various  mills,  these  failure  data  should  not  be 
taken  as  necessarily  indicative  of  the  rail  quality.  A  detailed  explanation  of  tlie 
reasons  for  the  difference  in  failure  rates  for  the  different  mills  and  different  year's 
rollings  was  given  in  the  1963  report  for  rollings  up  to  and  including  the  1960 
rollings.  An  increased  failure  rate  was  noted  in  the  Gary,  Lackawanna  and  Tennes- 
see Mills  1964  rollings.  The  failures  reported  by  the  Atlantic  Coast  Line  (9)  and 
Louisville  &  Nash\ille  (2)  occurred  in  132  RE  rail  rolled  b\  the  Tennessee  Coal  & 
Iron  Mill.  These  failures  reported  under  "other  head"  v\ere  related  to  steel  quality. 
Because  of  the  small  number  of  mile  \ears  used  in  figuring  the  failure  rates,  these 
rates  appear  high.  The  failures  reported  by  the  Baltimore  &  Ohio  in  122  CB  sec- 
tions were  from  the  Gary  (6)  and  Lackawanna  (10)  Mills  rollings.  The  falilure 
rate  for  these  mills  in  1964  appear  high  because  of  the  small  number  of  mile  years 
used  to  derive  this  figure. 

Bui.   605 


420 Rail 

Table  2  shows  the  tons  of  new  rail  rolled  for  the  reporting  roads  by  years.  It 
will  be  noted  that  there  was  an  increase  in  the  1964  rollings  compared  to  those  for 
the  past  four  years.  The  aniovuit  of  450,081  net  tons  does  not  represent  all  of  the 
1964  rollings  for  these  roads  because  rollings  for  any  railroad  from  one  mill  of  less 
than  500  tons  are  not  included. 

Fig.  4  and  Table  3  from  which  the  figure  is  derived  show  not  only  the  effect 
of  years  of  service  on  rail  failures,  l^ut  also  a  comparison  of  tlie  reduction  in  failure 
rates  elTected  with  the  new  rail  sections  introduced  in  1947.  This  will  be  discussed 
more  fully  later. 

Table  4  shows  the  total  amount  of  track  miles  of  rail  (all  sections  in  rollings 
between  1955  to  1964  combined)  on  each  railroad  and  a  breakdown  on  the 
amounts  from  the  different  mills.  Also  shown  in  this  table  is  the  total  number  of 
failures  (excluding  E.B.F.'s)  and  the  engine  burn  failures  that  occurred  on  each 
railroad  in  1965. 

Types  of  Failures 

Table  5  shows  the  accumulated  service  and  detected  failures  per  100  track 
miles  in  the  rollings  from  1955  to  1964,  inch,  that  have  occurred  to  December  .31, 
1965,  by  types  of  failure  and  by  mills.  Compared  to  last  year's  data,  the  failures 
per  100  track  miles  for  the  CF  and  DF  classification  decreased  from  1.44  to  1.43 
and  increased  for  all  types,  from  3.53  to  3.90.  Web-in-Joint  failures  comprise  19.5 
percent  of  all  failures,  other  head  25.6  percent,  and  CF  and  DF  36.6  percent.  The 
Web-in-Joint  type  of  failures  are  considered  to  be  due  to  design  or  operating  con- 
ditions rather  than  rail  quality.  Both  the  other  head  and  CF  and  DF  type  failures 
are  believed  to  be  associated  with  design,  operating  conditions  and  steel  quality. 
The  large  number  of  CF  and  DF's  from  Carnegie-E.T.  rollings  occurred  on  the 
Norfolk  &  Western  due  to  heavy  traffic  and  curvature,  and  the  large  number  from 
Colorado  occurred  on  the  Atchison,  Topeka  &  Santa  Fe,  Denver  &  Rio  Grande 
Western,  Southern  Pacific  and  Union  Pacific  for  the  same  reasons.  The  large  number 
of  Web-in-Joint  failures  in  the  Algoma,  Colorado,  and  Dominion  rollings  are  evi- 
dently due  to  design  as  relatively  few  of  this  type  of  failure  have  been  reported 
for  the  new  sections  shown  in  Table  5a. 

The  extent  to  which  die  "new  rail  sections"  adopted  in  1947  have  affected  the 
number  of  failures  of  each  type  is  indicated  in  the  tabulation  on  page  421  which 
shows  the  accumulated  failures  in  the  "old  sections"  in  the  1938  to  1947  rollings, 
inch,  which  were  mostly  control-cooled  rail;  in  the  1955  to  1963  rollings,  inch, 
which  include  mostly  new  but  some  of  the  old  sections;  and  in  the  1955  to  1964 
rollings,  incl.,  which  include  the  new  sections  only  as  shown  in  Table  5a. 

Comparing  the  failure  rates  in  the  "New  Sections"  with  those  in  the  "Old 
Sections"  the  following  comments  may  be  made: 

TF — Since  the  old  sections  were  mostly  control-cooled  rail  also,  the  failure  rates 
are  low  in  both  old  and  new  sections. 

CF  and  DF — This  is  one  of  the  two  classifications  in  which  there  has  not  been  a 
substantial  decrease  in  failure  rates  with  the  new  sections.  It  was  hoped  that 
the  change  in  the  top  contour  of  the  rail  at  the  gage  corner  would  reduce  the 
amount  of  shelling  from  which  most  of  the  CF's  originate,  but  evidendy  the 
increase  in  wheel  loads  and  train  speeds  has  largely  offset  any  benefit  so 
effected. 
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Accumulated  Failures  Per  100  Ti 

•ack  Mile  Years 

Old  Sections 
(1938-1947) 

All  Sections 
(1955-1964) 

New  Sections 
(1955-1964) 

TF — Verified 

CFand  DF        

0.02 
1.7:5 
0.58 
0.5:5 
0.52 
0.75 
3.U 
1.47 
0.30 

0.001 

1.4:^ 

().2il 

0.  h; 
1 .00 
0.1:5 
0.77 

0.01) 
0.05 

o.o;)i 
1 . 7:5 

VSH         _         

0. 10 

HSH 

Other  Head        -   .  -   _ 

i;:.!i 

Broken 

Web-in- Joint 

Web— Other 

Base 

0.0s 
o.:52 
0.06 
0.02 

All  Types 

9.24 

:?.9i 

2.98 

\'SH  and  HSH — The  substantial  reductions  in  these  classifications  are  attributed 
to  better  manufacturing  processes. 

Other  Head — The  small  increase  is  attributed  to  mill  qualit\  and  perhaps  heavier 
wheel  loads. 

Broken — The  reduction  in  this  classification  is  probably  due  to  a  comljination  of 
increased  rail  size,  better  design,  improved  rail  quality,  and  better  mainte- 
nance practices  for  track  and  equipment. 

\\'eb-in-Joint,  Web — Other — The  ver\'  large  reductions  in  these  classifications  is 
attributed  to  the  new  rail  designs  and  new  bolt  hole  spacing  adopted  in  1947. 

Base — These  failures  are  generalh'  due  to  seams  in  the  base,  and  improved  rail 
qualit)'  and  track  maintenance  are  proi:)abl\-  responsible  for  the  reduction 
effected. 


The  \olume  of  triiffic  has  not  changed  enough  between  the  two  ten-\'ear  periods 
to  have  had  much  influence  on  the  relati\'e  rates  of  rail  failures. 

With  respect  to  the  failures  per  100  track-mile-years  for  each  of  the  various 
new  sections  as  shown  in  Table  5a,  the  relatively  high  failure  rate  for  the  133  RE 
is  due  to  the  large  number  of  CF  and  DF's  resulting  from  service  conditions  on 
the  Union  Pacific  Railroad.  The  failure  rate  for  the  132  RE  was  also  influenced  by 
the  relatively  large  number  of  CF  and  DF's  resulting  from  service  conditions  of 
heavy   traffic  and   sharp   cur\ature. 

Table  6  shows  the  accumulated  failures  in  the  rollings  from  1955  to  1964,  incl., 
by  mills,  roads,  and  txpes  of  failure.  The  data  shown  in  this  table  are  particularly 
helpful  in  determining  whether  rail  failures  reported  are  due  to  mill  quality  or 
service  conditions.  It  is  interesting  to  note  that  83  percent  of  the  total  failures  have 
occurred  on  six  railroads.  The  number  of  CFs  and  DF's  on  the  Ihiion  Pacific  has 
been  greatly  reduced  over  the  number  reported  several  years  ago. 

Table  7  shows  the  ser\'ice  and  detected  failures  in  the  rail  web  within  joint  bar 
limits.  Comparing  these  results  witli  those  reported  last  \ear,  it  will  be  noted  that 
the  number  of  joints  reported  inspected  with  defect-detecting  instruments  increased 
from  19,4.34,920  in  1964  to  25,088,038  in  1965.  All  reporting  roads  do  not  report 
the  mnnber  of  joints   inspected,    so   this   probabK'   reflects  an  increase  in  number  of 
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joints  reported  rather  than  in  joints  actually  inspected.  There  was  a  5  percent 
decrease  in  the  number  of  detected  web  failures  from  23,339  in  1964  to  22,193  in 
1965  and  an  increase  in  the  number  of  service  web  failures  from  11,791  in  1964 
to  13,175  in  1965  or  11  percent.  The  total  number  of  detected  and  service  failures 
of  this  type  reported  in  1965  was  35,368.  It  is  evident  that  the"  detection  of  web 
failures  is  an  important  part  of  the  rail  failure  problem. 

Professor  R.  E.  Cramer  at  the  University  of  Illinois  examined  rail  failures  sub- 
mitted each  year  by  the  railroads  which  were  thought  to  be  due  to  transverse  fis- 
sures until  his  retirement  on  October  1,  1963,  and  since  then  this  work  has  been 
continued  at  the  AAR  Research  Center.  These  are  reported  again  in  Table  8.  Only 
one  additional  transverse  fissure  failure  in  control-cooled  rail  was  reported  in  1965. 
This  failure  was  found  to  be  due  to  an  inclusion.  It  will  be  noted  that  no  trans- 
verse fissure  from  a  shatter  crack  or  inclusion  has  been  reported  in  rail  rolled  since 
1951  nor  a  transverse  fissure  from  hot-torn  steel  in  rail  rolled  since  1955.  This  shows 
that  good  quality  control  and  mill  practice  has  been  followed  in  the  manufacture 
of  this   rail. 

Table  9  presents  a  sampling  of  the  welded  engine  burns  and  failures  on  a  few 
railroads  that  have  a  record  of  these  failures.  The  number  of  failed  welded  engine 
burns  of  15  during  1965  is  a  considerable  decrease  over  the  61  reported  during 
1964.  This  number  of  relatively  small  compared  to  the  1,012,492  engine  burns 
reported  welded.  From  the  number  of  roads  involved,  these  figures  indicate  the 
practice  of  welding  engine  burns  is  showing  good  service  performance.  This  con- 
firms the  extensive  laboratory  tests  made  several  years  ago  which  indicated  that 
altliough  a  welded  engine  burn  was  more  likely  to  develop  a  failure  than  an 
unburned  rail,  it  was  less  likely  to  develop  a  failure  than  an  engine  burn  which 
had  not  been  welded.  The  use  of  care  and  a  good  procedure  in  welding  engine 
burns  is,  of  course,  an  important  factor  in  obtaining  good  service  performance. 

All  Rail  Failures 

In  1961,  the  Rail  Committee  decided  that  it  would  be  helpful  to  initiate  a 
report  of  all  rail  failures  in  main  track  in  order  to  determine  whether  the  trend 
towards  increasing  wheel  loads  was  resulting  in  an  increase  in  total  rail  failures,  and 
if  so  to  what  extent.  Data  were  compiled  for  the  year  1965  with  respect  to  rail 
section,  type  of  failure,  service  or  detected,  and  track  miles  as  reported  on  form 
402B  and  are  shown  in  Table  10.  The  number  of  track  miles  reported,  increased 
from  195,298.3  in  1964  to  204,254.7  in  1965.  The  total  number  of  failures,  including 
engine  burn  fractures,  decreased  from  126,397  in  1964  to  112,658  in  1965. 


Year 

Failures  Per  Track  Mile 

All  Sections 

100  Lb  and  Less 

1962                                          

0.52 
0.54 
0.65 
0.55 

0.68 

1963                                       --             

0.70 

1964                                                                  ---   

0.80 

1965  

0.72 
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NOTE:     Decline  in  failure  rate  in  old  sections  occurred  during  9th  and  10th  years  of  service  due  to 

rollings  having  a  large  number  of  failures  being  removed  and  no  longer  included  in  the  reports, 
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TABLE  2 

TONS  OF  RAILS  AND  TRACK  MILES  OF  EACH  YEAR'S  ROLLINGS  1955  -  1364,   INCL, 

REPORTED  BY  45  RAILROADS 


OH  CONTROL  COOLED  ONLY 

Year 

Rolled 

NET  TONS 

TRACK  MILES 

1955 

883,125 

4,085.60 

1956 

865,017 

4,024.40 

1957 

814,723 

3,480.30 

1958 

401,532 

1,855.90 

1959 

458,260 

2,131.10 

1960 

364,097 

1,674.60 

1961 

290,210 

1,339.50 

1962 

273,944 

1,252.60 

1963 

408,904 

1,876.90 

1964 

450,081 

2,167.90 

TOTAL 

5,209,893 

23,888.80 

TABLE  3 

SERVICE  AND  DETECTED  FAILURES  OF  ALL  TYPES  EXCEPT  ENGINE  BURN  FAILURES 

ACCUMULATED  FROM  DATE  ROLLED  TO  DECEMBER  31,   1965,    PER  100  AVERAGE 

TRACK  MILES,    CONTROL  COOLED  RAIL  ONLY,  IN  ALL  ROLLINGS  FROM  ALL  MILLS 


Year 
Rolled 

1955 

YEARS  OF  SERVICE 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

0.7 

1.5 

2.3 

4.0 

6.9 

10.4 

13.1 

25.0 

34.9 

50.1 

1956 

0.4 

1.3 

3.3 

6.3 

10.1 

15.0 

21.7 

26.4 

42.9 

1957 

0.5 

1.3 

2.5 

4.3 

7.4 

13.1 

21.5 

33.4 

1958 

1.0 

1.8 

3.0 

5.2 

9.3 

19.4 

30.6 

1959 

2.0 

2.8 

4.3 

7.2 

9.8 

16.3 

196U 

0.5 

1.6 

3.0 

4.7 

9.6 

1961 

0.8 

2.0 

2.0 

5.9 

1962 

0.6 

1.0 

3.1 

1963 

0.4 

1.8 

1964 

1.5 
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TABLK  4  -  TKA 


I  TO  1964.   INCL. 


TKACh, 

MLES  BY  MILL 

1965  FAILURES                 | 

ROAD 

ALG 

CARN 

COl.U 

DOM 

GARY 

I.M.I) 

LACKA 

.STLTN 

TENN 

TOTAL 

EBFs  EXCL. 

EBFs  ONLY 

ATS.SF 

ACL 

BSiO 

Ban  Aivua 

BiLE 

.u 

3s:, 

173 

i 

369 

379 
977 
13 

18 
16 

CN 
CP 

CARTIER 
CSiO  Svs . 

2i,in 

38 

132 
53S 

" 

193 

144 

6533 
2G21 
190 

1158 

648 
509 

■■': 

C&EI 
C&NW 
CBLQ 
CIS^L 
CMStPiP 

37U 

45 
234 
343 

29 
425 

3 

37 

26 

S32 
504 

CRISiP 

CiS 

D&H 

D&RGW 

Erie-Lack 

\'l 

124 

45 

16 

39 

175 
49 
198 

I 
4 

GTW 

ON 

KCS 

LV 

LI 

:,:.4 

9ii 
335 

11 

145 

3(1 

12 

'' 

' 

LSiN 

Me.   Cent. 

MSlPSiSStM 

MKT 

MP  Linus 

13 

IS 

4U2 

13 

10 

•' 

213 

202 

59 

1 005 

1 
1 

NYC  Sys. 

N"lNH&H 

N&W 

NP 

PRR 

.:: 

312 

319 
154 

21 

92 

128 

114 

14 

5 

4 

1 

PSiLE 

QNS&L 

Reading 

RFSiP 

STLSF 

32 

4:, 

36 

109 
-11 

4  5 
109 
41 

6 

SAL 

SP  Co.  Sys. 

LP 

W.  Mil. 

i:,u„ 

355 

3., 

131 

1,584 
1305 
164 

295 
199 

4 

TOTAL 

46:.l 

6«2 

r„.23 

4103 

5361 

922 

1 369 

2539 

26,80 

2144 

115 

Tht  loUowing  railroads  did  not  report  and  weie  omitted  Irom  this  table:    C  ol  G.  ,   IC, ,  JCL,   NSiW  -  Lake  Region  (previously  NYCiSTL  RR). 

NSiW  -  Western  Region  (previously  Wabash  RR).  and  Southern  -  No  Reason;  FEC  and  LSiNE  -  Because  ol  Bankruptcy. 

The  NYC  Sys.  includes  the  B4A,   NYC  Southern  District  (CCCSjSTL,    P&E);  NYC  (New  York  District).    NYC  (Eastern  District); 

NYC  (Western  District)  and  NYC  (Northern  District). 

The  DL&W  merged  with  the  Erie  Railroad. 

The  NCSjSTL  merged  with  the  LSiN  Railroad. 

The  T&NO  merged  with  the  SP  Railroad. 

The  Virginian  merged  with  the  N&W  Railroad. 

The  T&P  merged  with  the  MP  Railroad. 

NYCiSTL  merged  with  the  N&W  Railroad. 
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TABLE  G 

ACCUMULATED  FAILURES  OF  ALL  TYPES  FOR  OH  CONTROL-COOLED  RAIL, 

ONLY  IN  ROLLLNG  1955  -  1964.   INCL.,   ACCUMULATED  TO  DECEMBER  31,    1965 

SERVICE  AND  DETECTED,  SEGREGATED  BY  ROADS  AND  MILLS 


ROADS 

Tl 
Ver 
AAR 

DF 

VSH 

IISH 

Other 
Ik-. Hi 

Bit.kcn 

Base 

FAILURE  TOTALS                ] 

Wflj 

EBFb  Excl. 

EBF.5  Only       ] 

In 
Jt. 

Other 

Accum. 
Total 

1965 

Accum. 
Total 

1965 

ALGOAL^ 

CN 

CP 

MSt  PS:  SSI  M 

U 

0 

0 

,^l 

')4 

289 

17 
63 

4411 
5U  ) 

''; 

■40 
366 

16 
20 

6 
26 
0 

599 
1300 

258 
406 

0 

72 
9 

22 
4 
0 

T6taL 

" 

'-■' 

343 

8Ci 

945 

34 

406 

36 

32 

160l 

««4 

81 

26 

CARNEGIE 

B&O 

B&LE 

Erie-Lack 

NYNH&H 

NtW 

PRR 

1'*l1  t 

W.   .Mil. 

1 

1 
tat 

4 

1 

1 

14 

14 

1 
1 

1 

I 

3 
1 

1 

I 

1 
3 

564 
4 

I 

229 
I 
1 

12 

4 

0 
0 

TOTAL 

1 

-3J 

14 

14 

20 

1 

0 

5,55 

2  37 

14 

4 

COLORADO 

ATSF 

CHl&P 

CSiS 

D&RGW 

GN 

NP 

SP  Co.   Sys. 

LP 

u 
u 

0 

53 

0 
70 
13 

ii; 

7:29 

3 

1 
3 

45 
4 

1 

1 

11 
311 

1" 
1 
1 
I 

11. 

1 
4 

11 

i 

13 

353 
1? 

4 

3 

1110 

30 
104  1 

3 

37 
14 
11 

147 

11 

1 
4 
33 

0 
1 
1 
4 

TOTAL 

u 

1329 

Hi 

119 

2112 

19 

401 

63 

2204 

522 

51 

6 

DOMINION 

CN 

CP 

yNS«;L 

u 

u 

3 

21 

4  14 
1 

1.1 
1 

114 
137 

21 
1 

17 
3 

156 
11 

103 

142 

74 

TOTAL 

u 

2 

33 

25 

425 

62 

251 

22 

20 

543 

495 

142 

74 

GARY 

ATSF 

B&O 

Cartier 

C&O  Sj'S. 

CiNW 

CB&Q 

CMStPSiP 

CRI&P 

Erie-Lack 

GTW 

GN 

.MP  Line 

.\YC  Sj'S. 

NP 

PRR 

PS:LE 

UP 

0 
0 

u 

0 

u 

0 

u 
u 

0 

1 
3 

U 

3 
u 
u 

u 

1 

1 

1 

4 
1 
11 

0 
3 
1 

U 

1 
1 

4 

1 
4 

1 
19 

1 
14 
HI 

U 

u 
IJ 

3 

3 

1 

1 

0 

4 
U 

1 
lli 

0 
0 
9 

1 

0 

1 

6 
3 

3 

3 

0 
0 

0 
0 

1 

0 

1 

1 

u 

0 

II 
1 

0 

11. 
16 
21 
36 

1 
II. 

10 

1 

1 
34 
16 

1 
103 

1 
4 

1 
1 

11 
3 
1 

46 

1 

0 
4 

0 
0 
0 

TOTAL 

^' 

92 

14 

41 

411 

1 

294 

11 

" 
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CONTINUED 


TF 
Ver 

CF 

Other 

Web 

FAILURE 

TOTALS 

EBFs 

:xcl. 

EBFs  Only 

In 

Accum. 

Accum. 

ROADS 

AAR 

DF 

VSH 

HSH 

Head 

Broken 

Jt. 

Other 

Base 

Total 

1965 

Total 

1965 

INLAND 

ATSF 

0 

u 

2 

II 

0 

II 

1 

II 

0 

3 

0 

0 

0 

C&O  Sys. 

tl 

3 

1 

2 

1 

0 

10 

2 

II 

lb 

0 

0 

0 

CSiNW 

V 

0 

11 

0 

0 

0 

2 

1 

u 

3 

0 

0 

0 

CMStP&P 

u 

0 

1 

II 

3 

II 

1 

0 

1 

(J 

1 

0 

u 

CKISiP 

0 

u 

u 

0 

0 

0 

0 

0 

0 

II 

0 

2 

■1 

GTW 

(1 

u 

0 

0 

1 

II 

0 

II 

II 

1 

1 

U 

u 

GN 

u 

1 

1 

0 

0 

II 

1 

II 

II 

3 

1 

U 

u 

MSP&SStM 

u 

u 

u 

(1 

0 

1 

3 

II 

0 

1 

0 

1) 

NYC  Sys. 

u 

u 

II 

0 

0 

0 

0 

1 

II 

1 

II 

0 

0 

NP 

u 

0 

u 

0 

2 

0 

1 

II 

II 

3 

0 

0 

0 

UP 

u 

2U 

u 

0 

1 

u 

1 

u 

0 

22 

6 

0 

0 

TOTAL 

0 

24 

5 

2 

a 

4 

20 

4 

1 

68 

10 

2 

2 

LACKAWANNA 

B&O 

(1 

u 

11 

1 

II 

i; 

3 

II 

13 

8 

0 

0 

CN 

u 

11 

1) 

II 

1 

2 

1 

0 

3 

7 

4 

0 

0 

CP 

u 

0 

1 

II 

1 

II 

2 

0 

1 

.-, 

0 

0 

0 

CSiO  Sys. 

u 

1 

0 

u 

0 

II 

5 

1 

0 

7 

0 

0 

Erie-Lack 

0 

0 

1 

0 

0 

1 

1 

0 

0 

3 

2 

0 

GN 

0 

7 

tl 

0 

i:> 

u 

1 

0 

M 

23 

0 

1 

LV 

u 

u 

1 

0 

u 

II 

.j 

0 

0 

0 

0 

2 

L&N 

0 

u 

1 

0 

2 

1 

3 

0 

0 

7 

2 

0 

Me.   Cent. 

u 

0 

0 

II 

1 

0 

II 

0 

0 

1 

1 

0 

NYC  Sys. 

11 

2 

7 

1 

3 

5 

38 

0 

10 

66 

11 

6 

NP 

u 

0 

(J 

0 

u 

0 

2 

0 

0 

2 

0 

0 

TOTAL 

u 

10 

11 

2 

23 

12 

64 

4 

14 

140 

28 

9 

STE ELTON 

B&O 

V 

u 

1 

2 

0 

1 

1 

II 

1 

6 

0 

0 

0 

C&O  Sys. 

0 

u 

1-1 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

D&H 

u 

1 

0 

II 

0 

0 

0 

0 

0 

1 

1 

0 

u 

Erie-Lack 

u 

0 

0 

0 

u 

0 

1 

0 

0 

1 

0 

0 

0 

GN 

(J 

0 

1 

1 

0 

0 

0 

II 

0 

2 

0 

0 

11 

LI 

u 

u 

u 

0 

0 

0 

1 

0 

0 

1 

0 

0 

(1 

Me.   Cent. 

u 

u 

0 

0 

0 

0 

1 

0 

0 

1 

0 

u 

0 

N&W 

li 

i)a 

u 

3 

3 

u 

4 

0 

0 

108 

48 

2 

0 

PRR 

u 

u 

3 

0 

1 

3 

0 

V 

0 

7 

0 

2 

(1 

W.   Md. 

u 

0 

u 

0 

0 

2 

0 

0 

0 

2 

0 

0 

0 

TOTAL 

u 

99 

7 

4 

6 

8 

0 

1 

130 

49 

4 

0 

TENNESSEE 

ACL 

u 

0 

2 

2 

16 

1 

s 

0 

0 

29 

18 

0 

(1 

L&N 

u 

2 

5 

1 

11 

0 

16 

5 

0 

40 

7 

2 

II 

StLSiSF 

11 

II 

II 

0 

u 

3 

0 

II 

u 

.5 

0 

0 

II 

SAL 

II 

1 

3 

0 

1 

2 

1 

0 

0 

8 

3 

0 

u 

SP  Co.   b\s. 

i) 

3 

2 

2 

u 

0 

13 

4 

0 

24 

13 

0 

0 

TOTAL 

0 

6 

12 

-, 

28 

8 

38 

9 

0 

106 

41 

2 

0 

ALL  MILLS 

1 

2419 

490 

266 

1690 

18B 

1290 

154 

76 

6574 

2144 

316 

115 

Rail 
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TABLE  7 

RAIL  FAILURES  IN  THE  WEB  WITHIN  THE  JOINT  BAB  LIMITS  FOUND  IN  1965 

ON  RAIL  OF  lOU  LB  AND  ALL  HEAVIER  SECTIONS 


Joints  Inspected 

Railroad 

Rail 

Rolled  Previous  to  1937 

Rail  Rolled  in 

1937  and  After 

with  Defect 

Detecting 

Instruments 

Detected  Failures 

Service  i 

ailures 

Detected  Failures 

Service  Failures 

Dolt  Hole 

Other 

Bolt  Hole 

Other 

Eolt  Hole  I 

Other 

Bolt  Hole 

Other 

ATSiSF 

22 

75 

18 

5 

433 

268 

157 

77 

3,463,  157 

ACL 

1+4 

142 

359 

337 

268 

206 

73 

69 

974,600 

B&O 

811 

7« 

1006 

52 

33 

19 

43 

11 

1,664.013 

B&OCT 

— 

— 

-- 

— 

— 

-- 

— 

-- 

— 

Ban  &  Aroos 

7 

— 

3 

1 

3 

— 

3 

— 

93,560 

B&LE 

— 

— 

— 

— 

— 

1 

-- 

0 

B&M 

270 

44 

29 

11 

46 

33 

2 

18 

644,000 

CN 

255 

— 

189 

— 

366 

-- 

472 

— 

811,652 

CP 

104 

42 

41 

18 

575 

540 

420 

211 

1,276,883 

Cartier 

— 

-- 

— 

— 

— 

— 

— 

— 

— 

CiO  (Sys.j 

151 

36 

40 

15 

96 

27 

26 

17 

840,000 

CiiEl 

16 

2 

34 

30 

13 

2 

49 

57 

— 

C&NW 

669 

198 

386 

75 

179 

182 

185 

194 

1,685, 880 

CB&Q 

12 

4 

23 

I 

1 

0 

285 

147 

756,576 

CItL 

14 

0 

25 

5 

6 

0 

1 

4 

66,700 

CMatPiP 

372 

70 

186 

17 

30 

18 

32 

7 

446,135 

CRI&P 

89 

72 

150 

185 

62 

16 

173 

120 

— 

CSiS 

— 

— 

— 

— 

— 

— 

— 

— 

D&H 

21 

0 

27 

2 

21 

0 

11 

0 

288,  88U 

DSiRGW 

25 

23 

5 

3 

9 

20 

10 

6 

658,256 

Erie- Lack 

136 

21 

25 

10 

27 

26 

46 

28 

1,019,948 

GTW 

7 

0 

42 

1 

9 

0 

68 

0 

210,302 

GN 

5 

0 

11 

1 

97 

34 

98 

26 

157,486 

IC 

— 

— 

— 

— 

-- 

— 

— 

— 

— 

JCL 

— 

— 

— 

— 

— 

— 

— 

— 

-- 

KCS 

2 

5 

0 

1 

2 

12 

1 

17 

-- 

L&HF 

9 

3 

23 

4 

5 

0 

11 

2 

9,  600 

L\- 

44 

1 

56 

50 

0 

0 

10 

6 

— 

LI 

82 

10 

9 

7 

11 

2 

13 

0 

165, 590 

L&N 

150 

469 

286 

278 

122 

218 

324 

82 

346,463 

Me.   Cent. 

10 

2 

16 

26 

0 

4 

3 

3 

241 

MitP&SSlM 

93 

0 

40 

0 

220 

0 

120 

1 

213.548 

MKT 

0 

0 

0 

0 

37 

0 

1 

0 

588,278 

MP   &  TP  lines 

19 

16 

19 

22 

10 

5 

67 

33 

— 

NYC  (Sys.; 

1203 

375 

80 

21 

2720 

1386 

121 

83 

2,366,871 

NYNH&H 

91 

19 

72 

18 

179 

55 

17 

1 

— 

N&W   '(Sys.) 

238 

124 

1 

1 

1434 

351 

96 

409 

974,700 

NP 

54 

16 

66 

15 

164 

423 

171 

234 

651,330 

PRR 

826 

111 

1867 

166 

248 

226 

201 

83 

1,360,187 

P&LE 

4 

0 

0 

15 

12 

2 

6 

4.500 

QNS&L 

0 

u 

0 

0 

1 

1 

0 

1 

95,392 

Reading 

llu 

0 

7 

0 

0 

0 

0 

0 

— 

RFiP 

2 

0 

u 

0 

10 

28 

0 

1 

54,257 

StL-SF 

45 

91 

18 

197 

67 

223 

10 

118 

677,907 

SAL 

25 

0 

28 

2 

28 

1 

51 

2 

173,226 

SP 

95 

29 

157 

20 

1334 

18 

710 

43 

1,203,248 

UP 

SO 

29 

0 

0 

37* 

66 

11 

1 

750,000 

W.    .Md. 

lb 

0 

0 

0 

67 

14 

21 

0 

394,672 

Totals 

6.228 

2,10J 

5,344 

1,597 

9,318 

4,438 

4,116 

2,118 

25,088,038 
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TABLE  9 
WELDED  ENGINE  BURNS  AND  FAILURES 


Eagiae  Bums 

Burns 

Failed  Welded 

Welded  Prior 

Welded 

Engine  Burns 

Railroad 

To  1965 

In  1965 

During  1965 

AT&SF 

121,996 

3,259 

0 

B&O 

8,504 

1,491 

3 

C&O 

52,146 

Discontinued  Keeping  This 
Information 

C&NW 

21,665 

2,250 

1 

D&H 

8,252 

53 

7 

EJ&E 

80,921 

12,220 

0 

IC 

66,823 

Discontinued  Keeping  This 
Information 

PRR 

448,338 

48,053 

4 

RF&P 

17,941 

63 

0 

STL-SF 

4,931 

387 

0 

SAL 

33,275 

2,658 

0 

Southern  (West  Div.) 

145,591 

Did  Not  Report 

SP 

2,109 

Discontinued  Keepit^  This 
Information 

Total 

1,012,492 

70,434 

15 

436 
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TABLE  10 
ANNUAL  REPORT  OF  RAIL  FAILURES,  SERVICE  AND  DETECTED, 
OCCURRING  FROM  JANUARY  1.   1965  TO  DECEMBER  31,    1966  INCLUSFV'E 
IN  RAIL  OF  ALL  AGES  AND  SECTTONS 


Section 
and  Lb. 
per  Yd. 

Track 
Miles 

Trans. 
Fiss. 

Comp. 

Fiss. 
& 

Dei. 
Fract. 

VSH 

HSH 

Other 
ffcad 

Broken 

V/ 

eb 
Other 

Base 

All 
Types 

Engine 
Burn 
Fract. 

In  Jl. 

lUU  lb  and  lees 

96,138.7 

(S) 

243 
7,303 

134 
2,498 

2.513 
10,396 

429 
2,070 

2,  821 
632 

2,13t 
586 

12.  551 
17 .  629 

970 
1,809 

863 

558 

23,260 
43,481 

367 
2,163 

103  lb  NYC  Dudl 

4. 1»9.2 

(S) 
(Ul 

■' 

U 
208 

37 
385 

1 

3 

8 

64 
1,993 

3 

1 
1 

133 

2,7.34 

11 

248 

106  lb  CF&l 

30.2 

(S) 
(U) 

1 

I 

1 
1 

107  lb  NH 

300.  1 

(S) 

1 

y 

6 

29 

1 

4 

1" 

31-1 
KiO 

59 

139 

4 

110  lb  RE 

3,597.7 

(S) 
(D) 

15 
724 

22 
463 

50 
325 

54 
111 

11 
27 

123 
364 

671 
524 

128 

2 

1,018 
2,666 

11 

158 

110  lb  HF 

157.0 

CD) 

103 

48 

17 

i 

103 

22 

112 
190 

8 

110  lb  GN 

536.1 

(S) 
(D) 

1 
67 

1 

14 
41 

3 

14 

17 
7 

49 
125 

1 
15 

112  lb  RE 

19,122.1 

(B) 
(D) 

30 
57  3 

67 
795 

44 
146 

40 

84 

200 
106 

108 
311 

1.  657 
2,073 

113 
136 

12 
1 

2,291 
4,227 

81 
533 

112  lb  TR 

1,872.3 

(Si 
(D) 

1 

1 

1 

1 

3 
1 

113  lb  HF 

2, 580.0 

(S) 
(D) 

1 

58 
268 

24 

67 

22 

74 

11 

1 

29 

1 

607 
1,  139 

16 

1 

769 
1,557 

15 
35 

115  1b  RE 

18.853.9 

(S) 
(D) 

6 
36 

45 
300 

3U 
21 

14 
31 

500 
22 

37 

111 
86 

10 
16 

9 

762 
514 

107 
69 

115  lb  NYC 

88.9 

(S) 
(D) 

1 

2 

1 
3 

4 

2 
9 

! 

119  lb  CF&I 

1,228.2 

(S) 
(D) 

8 
15 

1 
4 

1 

1 

1 
6 

11 

1 

122  lb  CB 

142.0 

(S) 
(D) 

6 

6 

122  lb  TR 

206.8 

(S) 
(D| 

1 

1 

- 

10 

4 

1 

IS 
3 

127  lb  NYC  Dudl 

5, 320.2 

{St 
(D) 

5 
267 

18 
627 

17 
375 

36 

3 
16 

6 
8 

249 
3,  134 

16 

3 

311 
4,523 

16 
268 

129  lb  TR 

681.9 

(S) 
(D) 

2 

- 

2 

2 

9 
4 

3       1 

130  lb  RE 

2,488.1 

(S) 

56 

538 

6 
324 

44 
234 

37 
44 

13 

49 

3 

330 
236 

38 
22 

2 

654 
1,418 

48       1 
174 

130  lb  HF 

566.2 

(S) 
(D) 

229 

17 
59 

10 

37 

43 

4 

47 
13 

1 

137 
307 

25 
3 

130  lb  PS 

3,379.4 

21 
11 

3 
499 

39 
358 

9 

74 

21 
6 

46 
41 

846 
331 

31 

3 

28 

7 

1,044 
1,335 

88 
541 

J31  lb  RE 

14,269.0 

(S) 
(D) 

38 
222 

74 
1,981 

37 
83 

19 
62 

72 
59 

80 
590 

T4A. 
2,735 

74 
114 

2 
2 

1,140 
5,848 

262 
1,080 

132  lb  HF 

2,124.0 

(D) 

48 
524 

13 

14 

29 

75 

19 

1 

12 
2 

194 

348 

3 

1 

2 

320 
963 

15 
22 

132  lb  RE 

13.129.5 

(S) 
(P) 

6 

73 

65 
690 

29 
25 

15 

82 

197 
30 

13 

12 

77 
143 

119 

1 

430 
1.181 

33 
43 

133  lb  RE 

4,497.0 

(S) 
(D) 

19 
846 

3 

26 

1 

1 
13 

17 
120 

1 

1 

39 
1.017 

18 
32 

136  lb  LV 

704.2 

(S; 

(D) 

37 

3 

1 

45 

30 

1 

115 

86 

12 
101 

136  lb  NYC 

284.8 

(S) 

1 

7 

1 

3 

8 

136  lb  RE 

3,947.0 

(S) 
(D) 

10 
80 

4 

4 

3 
11 

18 

4 
2 

23 
36 

2 

1 

63 
135 

14 

140  lb  RE 

1,938.7 

(S) 
\0} 

3 

17 

1 

12 

1 

4 

1 

,, 

9 

14 
51 

4 
11 

152  lb  PS 

809.3 

(S) 
(D) 

1 

1 

122 

4 
3 

12 

14 

' 

48 
64 

2 
1 

77 
202 

31 
75 

155  lb  PS 

622.2 

(S) 
(D) 

31 

1 

■' 

6 
35 

10 
9 

Total 

204,254.7 

(*) 
(D) 

456 
10, 121 

592 
1U,403 

2,931 

12,658 

693 
2.940 

4,026 
928 

3,343 
1,948 

18,491 
31,030 

1.413 
2,399 

927 
381 

32,874 
73,008 

1178 
5598 
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Report   on   Assignment   4 

Rail  End  Batter:  Causes  and  Remedies 

R.  C.  PosTELs  (chairman,  subcommittee),  B.  Bristow,  R.  M.  Brown,  R.  E.  Cat- 
LETT,  Jr.,  M.  W.  Clark,  P.  K.  Cruckshank,  A.  R.  DeRosa,  F.  L.  Etchison, 
J.  H.  Greasox,  Jr.,  R.  E.  Haacke,  C.  C.  Herrick,  j.  T.  Hunter,  K.  K.  Kess- 
ler,  W.  S.  Lovelace,  H.  R.  Moore,  C.  E.  Morgan,  B.  J.  Murphy,  Embert 
OsLAND,  J.  S.  Parsons,  G.  C.  Payne,  J.  M.  Rankin,  R.  B.  Rhode,  W.  A. 
Smith,  W.  G.  Stubblefield,  John  H.  Watts,  C.  E.  Weller,  D.  J.  White. 

Your  committee  presents  as  Appendices  4a  and  4b,  respectively,  AAR  Research 
Department's  reports  "Evaluation  of  Linde's  Experimental  936-89  Wire  for  Battered 
Rail  End  Build  Up  Use,"  and  "Rail-End-Build-Up  Service  Test  Installation."  Both 
reports  were  prepared  by  Michael  J.  Wisnowski,  metallurgical  engineer,  under  the 
direction  of  G.   M.   Magee,  director  of  engineering  research. 

Appendix  4a 

Evaluation    of   Linde's    Experimental   936-89   Wire 
for  Battered  Rail  End  Build  Up  Use 

In  conjunction  with  a  test  sponsored  by  the  New  York  Central  System,  an 
investigation  to  evaluate  Linde's  experimental  936-89  cored  wire  for  rail  end  build 
up  use  was  conducted  at  the  Association  of  American  Railroads  Research  Center. 
The  evaluation  was  based  on  rolling-load  test  results,  hardness  survey  results  and 
a   metallurgical  examination   to   determine  the  quality  of  tlie   weld. 

For  this  in\estigation  three  sample  joints  were  sent  to  Linde's  de\elopment 
laboratorv  at  Newark,  N.  J.,  for  rail  end  build  up  with  the  electric-arc,  semi- 
automatic wire  feed  process.  These  sample  joints,  identified  as  154  A  (R  50-L  50), 
154  B  (R  17-L  17)  and  154  C  (R  1-L  1)  were  made  of  131  RE  sections,  all  hav- 
ing matched  ends  as  the\-  were  taken  from  track  and  batter  in  excess  of  0.040  in. 
New  oversize  head-contact  6-hole  joint  bars  were  used  to  give  a  good  fishing-surface 
fit.  A  bolt  tension  of  15,000  lb  was  maintained  tliroughout  tlie  test. 

Information  supphed  by  Linde  relating  to  the  welding  procedure  indicates  that 
prior  to  welding,  all  joints  were  preheated  to  700  F.  A  Tempil  stick  wa^  used  to 
determine  the  preheat  temperature.  Immediatelv  following  the  preheat  the  joints 
were  welded  using  425  amperes,  27  volts.  The  technique  used  in  welding  involved 
starting  at  the  butt  edge  and  feathering  back  approximately  7  in  with  a  weaving 
from  side  to  side  bead  action.  Approximately  A  in  on  the  field  side  and  /s  in  on 
the  gage  side  were  unwelded  at  the  start.  The  joints  were  air  cooled  and  then  ground 
with  a  portable  disk  grinder.  Sample  rail  joint  Nos.  1  and  17  of  this  investigation 
were  resurfaced  at  the  butt  edge  to  bring  the  deposit  closer  to  the  edge. 

These  welded,  battered  rail  end  sample  joints  were  subjected  to  rolling-load 
testing  in  the  12-in-stroke  rolling-load  machine.  The  joints,  resting  on  a  2-in-thick 
board,  were  tied  down  solidly  on  the  bed  of  the  rolling-load  machine.  A  30,000-lb 
wheel  load  was  applied.  An  initial  profile  was  obtained  on  each  joint  witli  tlie  use 
of  a  profile  bar  and  an  Ames  dial  indicator.  This  profile  reading  was  taken  every 
1,000,000  cycles  and  at  the  end  of  the  test.  From  previous  experience  5,000,000 
CNcles  of  this  load  apphcation  without  producing  0.040  in  of  batter  at  a  point  Yz  in 
from  the  center  of  the  joint  gap  can  be  considered  a  run  out.  Any  joint  that  devel- 
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ops  0.040  in  or  more  batter  prior  to  the  5,000,000  cycles  is  removed  because  of  the 
damage  it  may  cause  to  the  equipment. 

Testing  of  sample  joint  154  A  (R  50-L  50),  Figs.  2  and  3,  was  discontinued 
after  the  joint  had  been  subjected  to  4,002,200  cycles  in  the  rolling-load  machine 
because  of  excessive  batter.  Profile  readings  indicate  that  tlie  section  identified  as 
R  50  developed  a  0.040-in  batter  at  a  point  M  in  from  tlie  center  of  the  rail  gap. 
Testing  of  sample  joint  154  B  (R  17-L  17),  Figs.  4  and  5,  was  discontinued  after 
the  joint  had  been  subjected  to  4,438,000  cycles  in  the  rolling-load  machine  because 
of  a  cracked  head.  This  crack  started  at  the  weld  in  section  L  17  approximately 
6/4  in  from  the  rail  end  and  progressed  through  the  head  and  along  the  web.  A 
profile  check  showed  that  section  L  17  had  developed  a  0.026-in  batter.  This  read- 
ing may  be  erroneous  because  of  the  pulling  away  or  lifting  of  tlie  head  from  the 
web.  Test  specimen  154  C  (R  1-L  1),  Figs.  6  and  7,  was  subjected  to  2,000,000 
cycles  in  the  rolling-load  machine.  This  test  was  discontinued  because  of  a  failure, 
originally  starting  as  a  progressive-type  failure  from  a  bolt  hole,  and  later  resulting 
in  a  head  and  web  separation  when  the  bolts  were  tightened  to  a  desired  tension. 
A  profile  check  shows  that  a  0.020-in  batter  developed  on  section  R  1  before  the 
test  was  stopped.  Rolling-load  data  showing  the  number  of  cycles  and  maximum 
batter  at  Yz  in  from  rail  gap;  and  Brinell  hardness  number  readings  of  rail,  weld 
metal  before  rolling-load  testing  and  after  work  hardening,  can  be  found  in  Table  1. 
A  plotted  presentation  of  the  rail  surface  profile  readings  can  be  found  in  Fig.  1. 

A  transverse  section  from  one  rail  and  a  longitudinal  section  from  the  opposite 
rail  were  cut  from  each  joint  for  a  macroscopic  examination.  These  specimens  were 
etched  in  a  10  percent  nital  solution  to  show  the  heat-affected  zone  and  the  pene- 
tration of  tlie  weld-metal  deposit.  Specimens  cut  from  joint  154  A  (R  50-L  50), 
Fig.  8,  shows  a  normal  heat  pattern  and  good  weld-metal  deposit  penetration.  The 
longitudinal  section  (L  17)  cut  from  joint  154  B  (R  17-L  17),  Fig.  9,  shows  over- 
lapping heat  patterns.  The  crack  shown  in  this  section  originally  started  from  an 
interrupted  weld.  The  secondary  heat  pattern  at  the  edge  of  this  section  can  be 
attributed  to  a  weld  pick  up  to  bring  the  deposit  closer  to  the  edge.  A  good  weld- 
metal  deposit  penetration  was  noted.  Specimens  cut  from  test  joint  154  C  ( R  1  L  1 ) 
can  be  found  in  Fig.  10.  The  secondary  heat  pattern  noted  at  the  end  of  the  longi- 
tudinal section  can  be  attributed  to  weld  pick  up  to  bring  the  deposit  closer  to  the 
edge.  A  good  weld-metal  deposit  penetration  was  noted. 

The  transverse  and  longitudinal  sections  previously  etched  with  10  percent 
nital  were  then  etched  in  hot  50  percent  H2O,  50  percent  HCl  to  determine  the 
soundness  of  the  weld-metal  deposit  and  base  (rail)  metal  just  under  the  deposit. 
A  macroscopic  examination.  Figs.  11,  12  and  13  shows  that  the  base  metal  of  all 
sections  was  sound  except  the  transverse  section  cut  from  joint  154  A  (R  50-L  50). 
This  section  shows  some  subsurface  pin-point  gas  porosity.  Further  examination 
indicates  that  the  weld-metal  deposit  of  each  section  was  free  of  slag  entrappment 
and  gas  porosity  with  the  exception  of  the  transverse  slice  from  joint  154  C  (R  1- 
L  1 ) .  It  can  be  noted  that  the  weld-deposit  metal  of  this  bansverse  section  con- 
tained  some  pin-point  gas   porosity. 

Microscopic  specimens  were  taken  from  each  test  joint  to  show  the  micro- 
structure  of  the  weld  metal  and  rail  metal  at  the  weld  interface.  A  microscopic 
examination  of  the  specimens  at  100  X,  Figs.  14,  15  and  16,  shows  a  tempered 
martensitic  weld  metal  deposit  (light  area  in  photographs)  against  a  pearlitic 
(eutectoid)  rail  metal  (dark  area  in  photographs).  The  fusion  of  weld  metal  to  rail 
metal  at  the  weld  interface  can  also  be  noted. 

(Text  continued  on  page  450) 
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DISTANCE    FROM    RAIL  END  IN    INCHES 
5  4  3  2.  itO^I  a  3  4  5 


-0.02.5 


-0.050 


S  4  3  Z  liOtl  ^  3 

DISTANCE     FROM    RAIL   END  IN    INCHES 

NOTE  :      •-ORIGINAL  PROFILE   ,       O-  I  MILLION   CYCLES  ,       A-  2   MILLION   CYCLES  , 

A-  3  MILLION    CYCLES,        X  -4-  MILLION      CYCLES 
NOTE:     LINDE     EXPERIMENTAL    WIRE    *936-e9    USED    IN   ALL     THREE 

SPECIMENS     WITH    SAME  WELDING    PROCEDURE. 


FIG.  I  -  RAIL  SURFACE   PROFILE    FOR    ROLLING    LOAD  TESTS 
OF   WELDED   END   BATTERED    RAIL  JOINTS 
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Fig.  2 — Photograph  showing  welded  rail  end  batter  test  joint  154  A  (R  50 — L  50). 


Fig.  3 — Photograph  showing  the  built-up  rail  ends  of  test  joint  154  A  (R  50 — L  50) 
after  being  subjected  to  4,002,200  cycles  in  the  rolling-load  machine. 


Fig,  4 — Pliotogiaph  showing  welded  rail  end  batter  test  joint   154  B   (H  17 — L  17). 


Fig.  5 — Photograph  showing  the  built-up  rail  ends  of  test  joint  154  B  (R  17 — 
L  17)  after  being  subjected  to  4,438,000  cycles  in  the  rolling-load  machine.  This 
test  was  stopped  because  of  a  crack  that  started  at  the  weld  G'/i  in  from  the  rail 
end   and   progressed   through   the   head   and   along  the   web. 


442 


Rail 


Fig.  6 — Photograph  of  welded  rail  end  batter  test  joint  154  C  (R  1 — L  1) 
after  being  subjected  to  2,000,000  cycles  in  the  rolling-load  machine.  This  failure 
originally  started  as  a  progressive-type  failure  from  a  bolt  hole  and  later  resulted 
in  a  head  and  web  separation  while  the  bolts  were  being  tightened  to  a  desired 
tension. 


Fig.  7 — Photop-aph  showing  the  built-up  rail  ends  of  test  joint  154  C  (R  1 — L  1) 
after  being  subjected  to  2,000,000  cycles  in  the  rolling-load  machine. 
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Fig.  8 — Macrophotograph  of  a  transverse  section  (left)  and  a  longitudinal  sec- 
tion (right)  cut  from  test  joint  154  A  (R  50 — L  50).  These  etched  sections  show 
the  penetration  of  the  weld-metal  deposit  and  the  heat-affected  zone.  Etchant  10 
percent  nital. 
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Fig.  9 — Macrophotograph  of  a  transverse  section  (left)  and  a  longitudinal 
section  (right)  cut  from  test  joint  154  B  (R  17 — L  17).  These  etched  sections 
show  the  penetration  of  the  weld-metal  deposit  and  the  heat-affected  zones.  It  can 
be  noted  that  the  crack  shown  in  the  longitudinal  section  originally  started  from 
an  interrupted  weld.  Etchant  10  percent  nital. 
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Fig.  10 — Macrophotograph  of  a  transverse  section  (left)  and  a  longitudinal 
section  (right)  cut  from  test  joint  154  C  (R  1 — L  1).  These  etched  sections  show 
the  penetration  of  the  weld-metal  deposit  and  the  heat-affected  zone.  The  crack 
noted  in  the  longitudinal  section  can  be  attributed  to  a  progressive-type  failure 
originating  from  a  bolt  hole.  Etchant  10  percent  nital. 
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Fig.  11 — Macrophotograph  of  a  transverse  section  (left)  and  a  longitudinal 
section  (right)  cut  from  test  joint  154A  (R  50 — L  50).  These  etched  sections  show 
the  soundness  of  the  weld  deposit  and  base  metals.  Etchant,  hot  50  percent  H2O, 
50  percent  HCl. 
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Fig.  12 — Macrophotograph  of  a  transverse  section  (left)  and  a  longitudinal 
section  (right)  cut  from  test  joint  154  B  (R  17 — L  17).  These  etched  sections 
show  the  soundness  of  the  weld  deposit  and  base  metal.  Etchant,  hot  50  percent 
H.-0,  50  percent  HCl. 
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Fig.  13 — Macrophotograph  of  a  transverse  section  (left)  and  a  longitudinal 
section  (right)  cut  from  test  joint  154  C  (R  1 — L  1).  These  etched  sections  show 
the  soundness  of  the  weld  deposit  and  base  metal.  Etchant,  hot  50  percent  H2O, 
50  percent  HCl. 


Rail 


449 


Fig.   14 — Microphotograph  of  weld  interface,  test  joint  154  A   (R  50 — L  50) 
showing  the  microstructure  of  the  weld  metal  and  rail  at  a  magnification  of  lOOX. 
Etchant  3  percent  nital. 


Fig,  15 — Microphotograph  of  weld  interface,  test  joint  154  B  (R  17 — L  17), 
showing  the  microstructure  of  the  weld  metal  and  rail  at  a  magnification  of  100  X. 
Etchant  3  percent  nital. 
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Fig.  16 — Microphotograph  of  weld  interface,  test  joint  154  C  (R  1 — L  1), 
showing  the  microstructure  of  the  weld  metal  and  rail  at  a  magnification  of  lOOX. 
Etchant  3  percent  nital. 


On  June  1  and  2,  1964,  a  rail-end-build-up  service  test,  using  the  Linde  experi- 
mental 936-89  cored  wire,  was  installed  on  the  Norfolk  &  Western  Railway.  This 
installation  is  located  at  the  east  end  of  the  Seneca  Siding  between  Mile  Post  182 
and  183  on  the  Old  Virginia  Railway  which  is  about  60  miles  east  of  Roanoke,  Va. 
The  first  joint  of  this  test  is  located  at  Mile  Post  182.5  and  is  the  first  joint  west  of 
the  bridge.  This  service  test  installation  is  being  followed  by  Linde  and  the  Norfolk 
&  Western. 

[The  following  is  a  letter  of  comment  on  the  above  report  written  to  Mr. 
Wisnowski  by  R.  D.  Simpson,  engineer  costs  and  materials,  Norfolk  &  Western 
Railway.] 


Dear  Mr.  Wisnowski: 

I  have  your  letter  of  January  17  enclosing  copy  of  your  investigation  entitled 
"Evaluation  of  Linde's  Experimental  936-89  Wire  For  Battered  Rail  End  Build  Up 
Use."  Our  welding  engineer,  Mr.  R.  M.  Baldock,  and  I  have  studied  this  report 
carefully  and  with  considerable  interest,  as  we  have  had  some  of  this  wire  in  track 
under  test  since  June  2,  1964. 

In  our  opinion  the  photographs  submitted  with  your  report  are  excellent.  We 
studied  them  very  carefully  but  failed  to  find  any  evidence  of  the  weld  metal 
spalling  or  separating  from  the  parent  metal,  leading  us  to  believe  that  the  bond 
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between  the  weld  metal  and  rail  is  excellent.  There  appears  to  be  very  little  flow 
over  the  end  of  the  rail  which,  of  course,  is  desirable. 

We  note  that  in  all  three  sample  rail  joints  a  strip  ^  in  wide  was  left  unwelded 
on  the  field  side  and  Ya  in  on  the  gage  side  at  the  start.  These  were  later  filled  in 
on  sample  rail  joints  1  and  17.  The  original  welding  might  be  satisfactory  for  rail- 
roads that  have  light  wheel  loads  as  it  would  be  wider  than  the  so-called  "Strip 
Weld."  However,  we  believe  that  welds  covering  the  full  width  of  the  head  is 
necessary  for  rail  carrying  high  wheel  loads.  It  is  not  belie\ed  that  the  additional 
strip  on  the  field  and  gage  sides  could  be  added  in  the  field  unless  the  current  was 
much  lower  than  die  425  amperes  used  on  the  original  weld.  Perhaps  this  could  be 
accomplished  by  having  a  controller  on  the  welding  generator  which  would  be 
operated  by  the  welder  while  in  the  welding  position. 

The  hardness  of  tlie  rail  appears  to  be  a  little  low  for  a  rail  which  had  carried 
much  tonnage.  However,  die  hardness  of  the  welds,  with  two  exceptions,  was  good, 
although  it  varied  from  293  to  362  BHN  before  the  rolling  test.  This  does  seem  to 
be  somewhat  of  a  wide  range,  especially  since  the  test  samples  were  made  in  a 
laboratory  under  favorable  conditions. 

The  4,020,200  cycles  for  joint  154A  (R  50-L  50)  which  was  removed  on 
account  of  0.040-in  batter  are  very  good.  However,  it  is  thought  results  would  have 
been  better  had  a  better  grinding  job  been  done  prior  to  welding. 

The  0.026-in  batter  for  joint  154B  (R  17-L  17)  after  4,438,000  cycles  was 
also  good.  Obviously  tliis  would  have  been  a  "run  out"  at  5,000,000  cycles  if  one 
of  tlie  rails  had  not  failed.  This  joint  gave  better  results  than  154A  (R  50-L  50) 
even  though  it  was  not  as  hard  after  welding.  Joint  154C  (R  1-L  1),  which  was 
the  softest  of  the  three  joints  after  welding,  appeared  to  be  giving  about  the  same 
results  as  joint  154A  (R  50— L  50)  before  it  was  removed  on  account  of  rail  failure. 

As  mentioned  in  your  report,  we  have  about  30  joints  under  test  at  Seneca,  Va., 
that  were  built  up  with  the  Linde  experimental  936-89  cored  wire.  The  track  is 
tangent  and  practically  level.  We  have  an  annual  tonnage  over  tliis  track  of  approxi- 
mately 50,000,000  tons.  The  speed  is  from  40  to  50  niph  and  most  of  the  tonnage 
is  in  one  direction   (eastward)   and  consists  mostly  of  loaded  coal  cars. 

The  welds  were  made  June  1  and  2,  1964.  We  started  welding  with  385 
amperes  and  28  volts,  welding  full  width  of  the  head  on  132  RE  Rail.  The  weld 
metal  ran  over  the  sides  of  the  rail  very  badly,  and  after  four  joints  we  changed  to 
350  amperes  and  25  volts.  We  also  welded  a  few  of  the  joints  at  330  amperes.  The 
first  four  joints  were  full  of  very  large  holes.  However,  tliis  did  not  seem  to  affect 
the  hardness  or  wearing  quality  of  the  welds.  The  joints  welded  at  330  to  350 
amperes  looked  very  good  except  for  a  few  pin  holes,  probably  due  to  gas. 

We  made  hardness  measurements  of  12  joints  after  welding  and  they  ranged 
from  a  minimum  of  285  to  a  maximum  of  387  BHN.  However,  most  of  the  joints 
were  well  over  300   BHN   and   reasonably  consistent. 

We  made  our  first  inspection  September  11,  1964,  after  approximately  tliree 
months  service  from  date  of  welding.  At  that  time  about  12,500,000  gross  tons, 
equal  to  approximately  208,333  cycles,  had  passed  over  the  welds.  We  made  batter 
measurements  at  all  of  the  rail  ends  and  found  practically  no  batter  on  the  ends. 
We  also  made  hardness  measurements  at  the  same  12  joints  as  above  and  found 
very  little  change  in  tlie  original  hardness  measurements. 

We  made  our  second  inspection  June  10,  1965,  after  approximately  12  months 
of  service.  At  that  time  some  50,000,000  gross  tons,  equal  to  approximately  833,333 
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cycles,  had  passed  o\er  the  welds.  Batter  measurements  at  all  of  the  rail  ends  indi- 
cated only  .slight  batter  on  any  of  the  rail  ends.  We  also  made  hardness  measure- 
ments again  on  the  same  12  joints  and  found  a  slight  increase  in  hardness  from 
that  of  the  previous  measurements. 

A  third  inspection  was  made  on  December  22,  1965,  after  approximately  18 
months  of  service.  At  that  time  some  75,000,000  gross  tons,  equal  to  approximately 
1,250,000  cycles,  had  passed  over  the  welds.  Batter  measurements  on  the  third 
inspection  indicated  that  batter  had  increased  somewhat  since  the  inspection  on 
June  10,  1965.  However,  most  of  the  batter  was  below  0.010  in.  Hardness  measure- 
ments on  the  same  12  joints  indicated  that  hardness  had  again  increased  slightly. 

From  the  above,  it  appears  that  the  results  of  our  field  tests  very  closely  parallel 
the  results  of  your  laboratory  tests.  The  hardness,  wearing  quality,  etc.,  appear  to 
be  about  the  same  whether  425  or  350  amperes  are  used.  We  average  between  3 
and  4  minutes  per  weld  or  2  lineal  inches  of  rail  per  minute,  however,  the  grinder 
could  not  grind  this  fast.  If  a  flatter  bead  is  obtained  by  the  higher  amperage, 
there  may  be  some  justification  in  using  a  higher  amperage.  However,  under  favor- 
able conditions,  two  machines  would  be  required  to  perform  the  necessary  grind- 
ing and  slotting  in  order  to  obtain  maximum  production  and  minimum  cost.  It  is 
estimated  that  our  test  will  run  three  to  five  years  before  it  will  be  necessary  to 
reweld  the  rail  ends,  and  we  expect  to  make  further  field  inspections  every  six 
months  until  the  test  is  completed. 

— R.  D.  Simpson 

Appendix  4b 
Rail-End-Build-Up  Service  Test  Installation 

On  August  10  and  11,  1965,  a  rail-end-build-up  service  test  was  installed  in 
tangent  track  on  the  New  York  Central  System.  This  installation  is  located  15  miles 
east  of  Toledo,  Ohio,  two  intersections  west  of  Clay  Center,  at  approximately  Mile 
Post  278  -f-  23  poles,  and  consists  of  30  consecutive  rail  joints,  15  on  the  south  rail 
and  15  on  the  north  rail. 

The  welding  equipment  was  supplied  by  the  Union  Carbide  Corporation,  Linde 
Division,  and  consisted  of  an  automatic  wire  feeder  type  UWM-4  voltage-controlled 
welding  machine  and  a  UAM-2  welding  torch.  All  battered  rail  ends  were  built  up 
by  strip  welding  using  an  experimental  921-85  cored  wire  on  joints  1  through  26 
and  a  921-88C  wire  on  joints  27  tlirough  30.  A  description  of  this  test  installation, 
welding  equipment,  experimental  wire,  amperes-volts  settings,  variations  in  pre- 
heating and  post-heating  and  hardness  checks  were  presented  in  the  preliminary 
report,  dated  November  1,  1965,  and  later  appeared  in  the  AREA  Proceedings, 
Volume  67,  pages  473^77. 

On  June  7,  1966,  an  inspection  of  tliis  rail-end-build-up  service  test  installation 
was  made  by  Herold  Barth  representing  the  New  York  Central;  C.  A.  Hefi^ernon 
representing  the  Union  Carbide  Corporation,  Linde  Division;  Michael  J.  Wisnowski 
and  Homer  B.  Johnson  representing  tlie  Association  of  American  Railroads. 

After  approximately  ten  months  of  service  (August  10  and  11,  1965  to  June  7, 
1966),  25  million  gross  tons  of  traffic  passed  over  this  test  installation.  This  is  con- 
sidered equivalent  to  417,000  cycles  in  our  rolling-load  machine. 

A   visual   examination   of   these   welds   showed   tlie  presence   of  porosity  at  the 

(Text  continued  on  page  458) 
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I1A1{D.\ESS  KEADINGS  AND  USUAL  OBSEKVATIONS  OF  JUNK  7,  196(j  SEimCK  TKST  INSPECTION 

B.  H.N.  Readings 
Wost  Rail  East  Rail 

End  End 

n-11-63      G-7-66       n-ll-(>5      ()-7-e6  Remarks 

378  415  asf)  425         Pomsity  at  «eld  junetiiin  . 


OK 

Longitudinal  eraeks  in  ' 
gage  side  of  west  rail. 
Longitudinal  cracks  in  ' 
gage  side  of  east  rail. 
Longitudinal  cracks  in  i 
gage  side  of  east  rail. 
Longitudinal  cracks  in  ' 
gage  side  of  west  rail . 


Pre- 

Post- 

Joint 

Heat 

Heat 

No. 

Amperes 

Volts 

(OF) 

(OF) 

1 

2iiu-:«ui 

:!o-3i 

700 

None 

2 

2!10-3llll 

30-31 

700 

None 

2 

1200+ 

2 

1100 

■A 

2!KI-yiUl 

30-31 

700 

None 

1 

2'.)U-3tUl 

30-31 

700 

None 

5 

200-300 

30-31 

700 

None 

G 

290-300 

30-31 

700 

None 

7 

200-300 

30-31 

7U0 

None 

7 

1100 

2aO-300 

30-31 

700 

None 

440 

290-300 

30-31 

700 

None 

290-300 

30-31 

700 

None 

290-300 

30-31 

700 

None 

40.') 

290-300 

30-31 

700 

None 
1100 

4611 
400 

290-300 

30-31 

7lJU 

None 

290-300 

30-31 

TllO 

None 

463 

290-300 

30-31 

700 

None 

47(1- 31 

290-300 

30-31 

700 

None 

290-300 

30-31 

700 

None 

425 

340 

31 

900 

None 

403 

313 

2.S 

70(1 

1100 

388 

313 

2« 

7  00 

1100 

338 

315 

2» 

700 

1100 

388 

315 

28 

700 

None 

472 

315 

28 

900 

None 

429 

310 

26-28 

900 

None 

413 

310 

26-28 

900 

None 

410 

310 

26-2S 

900 

None 

410 

310 

20-28 

900 

None 

400 

463-423 

433-390 

418 

Longitudinal  cracks  in  weld  metal  or 
gage  side  of  west  rail. 

423 

Small  area  at  weld  junction  of  «  est 
rail  having  longitudinal  cracks  and 
porosity.    May  be  the  beginning  of  a 
spall. 

425 

Both  ends  of  rail  broke  out  about  1    2 

deep  and  1/2  in.  wide. 

Longitudinal  cracks  in  weld  metal  on 

gage  side  of  west  rail. 

Small  amount  of  porosity  at  junction 

of  west  rail. 

325 

545 

OK 

460 

415 

OK 
OK 

4(i5 

OK 

415 

OK 
OK 

425 

East  rail  originally  not  welded  to  enc 
has  appearance  of  a  slight  end  chip. 

4>0 

Porosity  throughout  weld  deposit  on 
both  rails. 

425 

OK 

388 

Porosity  on  end  of  east  rail. 

400 

OK 

388 

OK 

388 

428 

OK 

445 

497 

OK 

475 

OK 

415 

415 

OK 

395 

4  SO 

OK 

423 

OK 

415 

437 

OK 

Joints  No.   1  through  26  welded  with  experimental  921-h5  cored  wir 
Joints  No.  27  through  30  welded  with  921-88C  wire. 
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Fig.  1 — Photograph  of  joint  1  showing  porosity  at  weld  junction  of  west  rail. 


Fig.  2 — Photograph  of  joint  19  showing  porosity  throughout  weld  deposit 

on  both  rails. 
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Fig.  3 — Photograph  of  joint  21   showing  porosity  on  end  of  east  rail. 


I  in.   4 — Photograph   of  joint  3  showing  longitudinal  cracks   in  weld  metal 
on  gage  side  of  west  rail. 
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Fig,  5 — Photograph  of  joint  5  showing  longitudinal  cracks  in  weld  metal 
on  gage  side  of  east  rail. 


Fig.  6 — Photograph   of  joint  6  showing  longitudinal  cracks  in  weld  metal 
on  gage  side  of  west  rail. 
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Fig.  7 — Photograph  of  joint  8  showing  small  area  at  weld  junction  of  west 
rail  having  longitudinal  cracks  and  porosity.  This  area  may  be  the  beginning  of 
a  spall. 


Fig.  8 — Photograph  of  joint  9  showing  both  ends  of  rail  broken  out 
about   Yz   in  deep  and   '/z   in  wide. 
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weld  junction  in  joints  1,  8  and  11.  This  porosity  was  also  distributed  throughout 
tlie  weld  deposit  in  joint  19  and  concentrated  on  one  rail  end  in  joint  21.  Typical 
examples  of  this  porosity  can  be  seen  in  Figs.  1,  2  and  3.  Also  noted  were  small 
longitudinal  cracks  in  the  weld  metal  on  the  gage  side  of  rail  joints  3,  4,  5,  6,  7, 
8  and  10.  Typical  examples  of  these  longitudinal  cracks  can  be  seen  in  Figs.  4,  5, 
6  and  7.  Both  ends  of  joint  9,  Fig.  8,  broke  out  about  /2  in  deep  and  ¥2  in  wide. 
A  complete  summary  of  the  visual  observations  can  be  found  in  Table  1. 

Rail  surface  profile  readings  were  made  on  these  30  joints.  It  was  later  dis- 
closed that  a  grinding  train  passed  over  these  joints  after  they  had  been  in  service 
for  approximately  two  months.  Due  to  this  grinding  no  correlation  could  be  made 
between  the  original  profile  readings  and  the  readings  obtained  during  this  inspec- 
tion.  These  profile  readings  will  be  used  in  comparing  subsequent  profile  checks. 

To  determine  the  extent  of  work  hardening,  spot  hardness  checks  were  taken 
of  this  weld  metal  deposit.  It  can  be  noted  in  Table  1  that  the  increase  in  B.H.N. 
readings  for  the  experimental  921-85  cored  wire  ranged  from  15  to  53  points.  An 
increase  up  to  65  points  was  noted  for  tlie  921-88C  wire. 

Any  comments  at  this  time  as  to  the  merit  of  these  experimental  wires  for  rail 
end  build  up  use  would  be  premature.  This  installation  will  be  observed  periodically 
and  reported  on  to  the  committee. 


Report  on  Assignment  6 

Joint  Bars:  Design,  Specifications,  Service  Tests,  Including 
Insulated  Joints  and  Compromise  Joints 

W.  D.  Almy  (chairman,  subcommittee),  H.  B.  Berkshire,  R.  E.  Catlett,  Jr., 
R.  D.  Claborn,  p.  K.  Cruckshank,  O.  E.  Fort,  W.  T.  Hammond,  C.  J. 
Henry,  J.  T.  Hunter,  T.  B.  Hutcheson,  H.  W.  Jenkins,  K.  H.  Kannowski, 
K.  K.  Kessler,  a.  B.  Merritt,  Jr.,  C.  E.  Morgan,  E.  Osland,  R.  H.  Patter- 
son, C.  O.  Penny,  I.  A.  Reiner,  D.  H.  Shoemaker,  W.  A.  Smith,  W.  G. 
Stubblefield,  C.  E.  Weller,  H.  M.  Williamson. 

Your  committee  presents  as  Appendix  6a,  AAR  Research  Department  Report, 
"Investigation  of  Insulated  Rail  Joints,"  prepared  by  G.  M.  Magee,  director  of 
engineering  research,  AAR. 

Appendix  6a 
Investigation   of  Insulated   Rail  Joints 

It  has  been  the  past  practice  to  evaluate  insulated  rail  joints  in  the  rolling-load 
machines  at  the  AAR  Research  Center  with  a  wheel  load  producing  a  bending 
moment  comparable  to  that  used  for  testing  non-insulated  or  regular  rail  joints. 
Tests  on  insulated  joints  made  of  fiberglass  reinforced  plastic  and  impregnated 
laminated  wood  have  shown  excessive  deflection  and  low  capability  for  supporting 
such  loads.  In  fact,  some  joints  of  this  type  tested  in  the  rolling-load  machines 
would  not  even  support  these  wheel  loadings  for  one  application  without  failure. 
On  the  other  hand,  several  railways  have  reported  several  years  of  service  with 
joints  of  this  type  in  track.  It  therefore  seemed  desirable  to  make  a  comprehensive 
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investigation   to   determine   the   most   appropriate   and   significant  laboratory   testing 
procedure  for  evaluating  tlie  merits  of  insulated  rail  joints. 

The  investigation  decided  upon  consisted  of  three  phases.  First,  a  new  3M 
plastic  insulated  joint  for  1.36  RE  rail  was  instrumented  with  strain  gages  to  measure 
the  fle.xural  strains  de\eloped  in  the  top  and  bottom  of  the  two  bars  at  midlength 
and  6  in  each  way  from  midlength.  Since  the  strain  would  be  zero  at  the  bar  ends, 
this  gave  five  points  along  the  length  of  tlie  bar  to  establish  the  shape  of  the  bend- 
ing moment  curve.  These  bars  were  then  placed  in  main-line  track  on  the  Santa  Fe 
at  a  suitable  location  near  Corwith  Yard  in  Chicago,  and  measurements  were  taken 
of  joint  bar  fle.xural  strains  developed  under  a  number  of  passing  trains,  including 
passenger  and  freight.  These  bars  were  left  in  track  so  the  strains  can  be  again 
measured  from  time  to  time  to  determine  what  change,  if  any,  results  from  con- 
tinuing service  use. 

In  the  second  phase  of  the  inxestigation,  another  pair  of  the  same  tyj^e  of  3M 
plastic  joint  was  similarly  instrumented  with  strain  gages  and  placed  in  a  rolling- 
load  machine  in  the  laboratory.  Increments  of  loading  were  applied,  and  it  was 
found  that  a  wheel  load  of  15,000  lb  gave  tlie  same  range  of  flexural  strain  in  the 
liars  at  midlength  as  the  maximum  range  measured  in  the  track  installation.  This  is 
only  about  one-third  of  tlie  wheel  loading  that  had  previously  been  used  in  the 
rolling-load  test  evaluations.  It  was  also  found  tliat  the  pattern  of  fle.\-ural  strain  along 
the  length  of  the  bar  was  essentially  the  same  in  the  rolling-load  machine  with  this 
wheel  load  as  that  fomid  in  track.  The  rolling-load  machine  has  been  operated 
with  this  wheel  load  on  the  joint  for  over  1,500,000  cycles  without  any  failure  of 
any  consequence  having  developed  in  the  insulated  joint.  If  the  joint  will  withstand 
2,000,000  cycles  witliout  failure,  this  will  be  considered  to  he  a  runout  and  the 
rolling-load   test  will  be  terminated. 

The  third  phase  of  the  investigation  is  a  laboratory  study  with  the  objective 
of  determining  the  effectiveness  of  different  designs  of  insulated  joint  to  support  the 
rail  ends  and  minimize  joint  tie  tamping  requirements.  It  would  be  expected  that 
the  more  flexible  the  insulated  joint,  the  more  load  would  be  thrown  on  to  the 
supporting  ties  and  more  frequent  tamping  would  be  required.  Accordingly,  two 
lengths  of  132  RE  rail,  each  10  ft  long,  were  supported  in  a  special  laboratory  setup 
under  a  hydraulic  loading  machine  on  11  tie  plates  spaced  20  in  apart.  Each  tie 
plate  rested  on  a  7-in  by  9-in  tie  24  in  long,  which  in  turn  was  supported  on  three 
/2-in  layers  of  Celotex  to  give  an  elasticity  of  tie  and  rail  support  simulating  that 
of  typical  ballast  and  roadway.  Two  load  cells  were  placed  between  the  rail  base 
and  each  tie  plate  to  measure  each  tie  reaction.  An  Ames  dial  was  placed  halfway 
between  each  tie  to  measure  the  rail  depression  at  that  point.  Before  the  3M  plastic 
joint  was  placed  in  the  rolling-load  machine,  it  was  applied  to  tlie  two  10-ft  rail 
ends  in  this  special  setup,  increments  of  loading  were  applied  up  to  a  maximum 
of  33,000  lb  with  the  loading  jack  applied  at  the  rail  ends  and  the  joint  placed 
both  directly  over  a  tie  and  halfway  between  two  ties,  and  measurements  of  tie 
reaction  and  rail  depression  were  obtained  for  all  11  supjDorting  ties.  If  the  3M 
plastic  joint  lasts  out  the  2,000,000  cycles  in  the  rolling-load  test  without  failure, 
it  will  be  again  tested  in  the  special  setup  in  the  same  manner  to  determine  how 
much  of  its  eS^ectiveness  in  supporting  the  rail  ends  has  been  lost  due  to  the  wear 
sustained  in  the  rolling-load  simulated  service  test. 

It  is  planned  to  follow  the  same  procedures  as  described  in  the  foregoing  foi 
the  AAR   Vulcabond  joint  and   the  generally  used   continuous-type  armored  joint. 
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Also,  it  is  planned  to  make  pull  tests  on  two  or  more  joints  of  each  of  the  three 
types  to  evaluate  their  resistance  to  pull-aparts  in  cold  weather.  It  is  expected  that 
a  considerable  portion  of  the  work  planned  will  be  completed  in  1967  and  a  progress 
report  of  results  obtained  will  be  included  in  the  next  Rail  Committee  report. 


Report  on  Assignment  7 
Metallurgical   Effect  of  Rail  Cropping  Methods 

V.  E.  Hall  (chairman,  subcommittee),  W.  D.  Almy,  R.  M.  Brown,  J.  T.  Collin- 
sON,  P.  K.  Cruckshank,  a.  R.  DeRosa,  O.  E.  Fort,  R.  E.  Haacke,  C.  E.  R. 
Haight,  C.  C.  Herrick,  ].  T.  Hunter,  H.  W.  Jenxins,  K.  H.  Kannowski, 
W.  S.  Lovelace,  C.  E.  Morgan,  J.  S.  Parsons,  G.  C.  Payne,  C.  O.  Penney, 
G.  L,  P.  Plow,  D.  H.  Shoemaker,  E.  H.  Waring,  C.  E.  Weller,  D.  J.  White. 

Your  committee  presents  as  Appendix  7a,  AAR  Research  Department  report, 
"Metallurgical  Examination  of  Four  Electric-Flash  Butt  Weld  Service  Failures," 
prepared  by  Michael  J.  Wisnowski,  metallurgical  engineer,  under  the  direction  of 
G.  M.  Magee,  director  of  engineering  research. 

Appendix  7a 

Metallurgical  Examination  of  Four  Electric-Flash  Butt  Weld  Service 
Failures  Submitted  by  the  Florida  East  Coast  Railway 

At  the  request  of  the  Florida  East  Coast  Railway,  letter  dated  January  25, 
1966,  an  investigation  to  determine  the  cause  of  four  electric-flash  butt  welded  rail 
joint  service  failures  was  conducted  at  the  Association  of  American  Railroads 
Research  Center.  These  four  failures  are  representative  of  a  group  of  13  or  more 
failures  that  occurred  in  a  short  period  after  laying.  The  rails  used  in  the  fabrica- 
tion of  these  eletcric  flash  butt  welded  joints  were  identified  as  secondhand  112-RE 
rafls.  For  identification  these  joints  were  assigned  AAR  investigation  numbers  136- 
21A,  B,  C,  and  D. 

A  side  view  of  each  specimen,  showing  the  appearance  of  the  fractures,  can 
be  seen  in  Figs.  1,  2,  3  and  4.  It  can  be  noted  that  all  these  fractures  occurred  in 
the  web  of  the  rafl  through  the  weld.  The  fracture  in  specimen  136-21A,  Fig.  1, 
and  136-21B,  Fig.  1,  and  136-21B,  Fig.  2,  progressed  in  a  horizontal  plane  then 
veered  toward  the  head  and  base,  resulting  in  a  complete  separation.  The  fractures 
in  specimen  136-21C,  Fig.  3,  and  136-21D,  Fig.  4,  just  extending  in  a  horizontal 
plane,  were  cut  open  so  that  a  visual  examination  of  the  fractured  surfaces  could 
be  made. 

Transverse  sections  were  taken  from  both  sides  of  these  electric-flash  butt 
welded  joints  and  etched  in  a  hot  50  percent  H2O — 50  percent  HCl  solution  to 
determine  the  quality  of  the  steel. 

Sections  cut  from  the  web,  longitudinal  to  the  rail  in  a  horizontal  plane,  through 
the  weld,  were  etched  in  a  10  percent  nital  solution.  It  was  noted  tliat  these  weld 
upsets  were  removed  by  shearing.  No  evidence  of  martensite,  sometimes  formed 
during  grinding,  could  be  found. 

A  microscopic  examination  was  made  on  specimens  taken  adjacent  to  the  frac- 
ture at  a  magnification  of  lOOX-  The  ferrite  outlining  the  austenite  grains  in  the 
fusion  zone  can  be  considered  a  normal  weld  structure. 
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From  the  results  of  this  investigation  it  is  beUeved  that  these  faihires  are  not 
related  to  the  quality  of  the  rails  or  the  soundness  of  the  welds. 

It  was  later  disclosed  that  the  rail  ends  were  cropped  with  a  petrogen  torch 
prior  to  welding.  Information  was  also  received  tliat  the  time  between  cutting  and 
welding  could  range  from  a  few  days  to  several  weeks.  The  following  article  taken 
from  the  1948  Edition  of  the  American  Societ)-  for  Metals  "Metals  Handbook" 
gives  an  explanation  of  what  effects  gas  cutting  has  on  steel: 

"Gas  cutting  of  higher-carbon  and  alloy  steels,  particularly  at  room  tempera- 
ture, may  produce  a  thin  layer  of  hard  material  on  the  cut  surfaces,  which  may  not 
be  sufficiently  ductile  to  withstand  the  stresses  set  up  in  cooling,  without  cracking, 
or  the  stresses  imposed  by  the  subsequent  use  of  the  part  cut.  The  torch  heats  the 
steel  at  the  cut  edges  to  a  high  temperature  momentarily,  but  normal  thermal  expan- 
sion is  prevented  bv  the  adjoining  cold  metal.  The  action  called  'upsetting'  results. 
Later,  when  cooling  occurs,  contraction  of  the  upset  metal  may  develop  severe 
stresses  in  tension  along  the  cut  edges.  With  these  steels,  the  ductility  may  not  be 
sufficient  to  prevent  incipient  cracks  and  checks  that  can  prove  dangerous  in 
service,  since  they  are  likely  to  develop  into  large  fractures." 

It  is  diese  incipient  cracks  that  are  of  most  concern  in  the  cropping  of  rail  ends. 
Once  these  incipient  cracks  have  formed,  further  development  of  the  crack  can 
occur  on  reheating,  such  as  during  the  welding  operation. 

A  second  possible  cause  for  these  failures  is  that  the  amount  of  rail  cropped 
from  the  ends  of  these  secondhand  rails  was  insufficient  to  remove  bolt-hole  cracks 
that  extend  back  into  the  web.  If  these  cracks  that  extend  back  into  the  web  beyond 
the  third  bolt  hole  are  not  completely  removed  during  cropping  and  the  rail  is  then 
welded,  a  failure  starting  from  this  area  is  inevitable.  Before  welding  it  may  be 
advisable  to  check  these  cropped  rail  ends  with  a  non-destructive  test  such  as 
magnaflux  to  insure  the  complete  removal  of  these  bolt-hole  cracks. 

From  this  investigation  it  is  believed  that  these  failures  can  be  attributed  to 
( 1 )  cutting  the  rail  ends  with  a  petrogen  torch,  ( 2 )  incomplete  removal  of  existing 
bolt-hole  cracks,  or  a  combination  of  both  these  factors. 


Fig.  1 — Side  view  of  specimen  136-21 A  showing  the  appearance  of  the  frac- 
ture. This  fracture  started  at  the  weld  and  progressed  in  a  horizontal  plane  along 
the  neutral  axis,  then  veered  toward  the  head  and  base. 
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Fig.  2 — Side  view  of  specimen  136- 
21B  showing  the  appearance  of  the  frac- 
ture. This  fracture  started  at  the  weld 
and  progressed  along  the  horizontal 
plane,  then  veered  toward  the  head  and 
base. 


Fig.  3 — Side  view  of  specimen  136-21C  showing  the  appearance  of  the  frac- 
ture. This  fracture  started  at  the  weld  and  progressed  in  a  horizontal  plane  along 
the  neutral  axis. 


Fig.  4 — Side  view  of  specimen  136-21D  showing  the  appearance  of  fracture. 
This  fracture  started  at  the  weld  and  progressed  in  the  horizontal  plane  along 
the  neutral  axis. 
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Report   on   Assignment   8 

Causes  of  Shelly  Spots  and  Head  Checks  in  Rail: 
Methods  for  Their  Prevention 

C.  F.  Parvin  (chairman,  subcommittee),  W.  D.  Almy,  A.  N.  Brauer,  B.  Bristow, 
R.  F.  Bush,  C.  ].  Code,  L.  S.  Crane,  P.  K.  Cruckshank,  W.  ].  Chuse,  A.  R. 
DeRosa,  F.  L.  Etchison,  D.  T.  Faries,  R.  E.  Gorsuch,  V.  E.  Hall,  W.  T. 
Hammond,  C.  C.  Herrick,  K.  H.  Kannowski,  A.  B.  Merritt,  Jr.,  B.  R. 
Meyers,  C.  E.  Morgan,  B.  J.  Murphy,  G.  L.  P.  Plow,  J.  M.  Rankin,  E.  H. 
Waring,  C.  E.  Weller,  H.  M.  Williamson. 

This  is  a  progress  report,  presented  as  information. 

During  the  past  year  work  on  this  assignment  has  been  conducted  at  the  AAR 
Research  Center  by  M.  J.  Wisnowski,  metallurgical  engineer,  under  the  direction 
of  G.  M.  Magee,  director  of  engineering  research. 

The  assignment  continues  in  two  phases:  One  is  the  inspection  of  heat-treated 
rail  and  alloy-rail  service  test  installation  on  curves  with  a  history  of  shelling.  The 
other  is  the  laboratory  investigation  of  shelling  rail  involving  rolling-load  and  slow- 
bend  tests. 

Field  inspection  of  the  following  service  test  installations  were  made: 

( a )  Norfolk  and  Western  Railway — Curvemaster  and  fully  heat-treated  rails. 

(b)  Chesapeake   and   Ohio   Railway — Fully  heat-treated  rails. 

(c)  Great  Northern  Railway — (1)  Rails  rolled  from  continuous  cast  blooms, 
(2)  fully  heat-treated  78-ft  electric-flash  butt  welded  and  39-ft  Colum- 
bium-treated  rails,  (3)  Curvemaster  and  fully  heat-treated  rails,  and 
(4)   high-silicon  rails. 

(d)  Pennsylvania   Railroad — High-silicon   and  high-carbon  rails. 

The  results  of  the  above  inspections  are  presented  as  Appendix  8a  of  this 
report. 

The  report  of  the  laboratory  investigations  is  included  as  Appendix  8b. 

Appendix   8a 

Summary  of  Heat-Treated   and   Alloy   Rail  Service  Test  Installations  on 
Curves  with  Shelly  Histories — 1966 

NORFOLK  &  WESTERN  RAILWAY  SERVICE  TESTS 

Service  Test  of  132  RE  USS  Curvemaster  and  Bethlehem's  Fully  Heat-Treated  Rails 

This  service  test  of  132  RE  Curvemaster  and  fully  heat-treated  rail  was 
installed  on  February  3,  1964,  at  M.P.  349  in  the  Bradford  District,  13  miles  east 
of  Bluefield,  W.  Va.  Twenty-five  rails,  rolled  from  ten  different  heats  and  fully  heat 
treated  at  Steelton  in  September  1963,  were  installed  in  the  westbound  main  track 
in  both  the  high  and  low  sides  of  a  right-hand  compound  curve.  This  is  a  10-deg 
57-min,  9-deg  50-min  and  Il-deg  04-min  curve  with  a  westward  1.225  percent 
ascending  grade.  It  has  a  4-in  superelevation  and  is  480.8  ft  long. 

There  is  a  short  tangent  of  a  few  rail  lengths  over  highway  bridge  No.  825 
at  the  west  end  of  the  Bethlehem  test  curve  that  connects  with  the  east  end  of  the 
US   Steel  test  curve.  Treated  rails  are  laid   tlirough  the  connecting  tangent. 
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Twenty-five  rails,  rolled  from  four  different  heats  and  head  hardened  at  the 
U.S.  Steel's  Gary  Works  in  November  196.3,  were  installed  in  both  the  high  and 
low  sides  of  the  adjacent  reverse  (left-hand)  compound  curve  on  the  same  date. 
This  is  a  10-deg  2.3-min  and  11-deg  8-min  curve  with  a  westward  1.105  percent 
ascending  grade.  It  has  a  4-in  superelevation  and  is  427.9  ft  long. 

These  curves  have  a  maximum  train  speed  restriction  of  35  mph  for  passenger 
trains  and  30  mph  for  freight  trains. 

On  May  24,  1966,  an  inspection  was  made  of  these  two  test  curves.  This 
double-track  territory  is  under  CTC  operation,  and  although  the  test  curves  pre- 
dominantly carry  westbound  empties,  they  may  also  carry  eastbound  loads,  making 
it  most  difficult  to  develop  reasonably  accurate  tonnage  figures.  At  the  time  of  this 
inspection  an  estimated  45  million  gross  tons  of  traffic  had  passed  over  the  test  rails. 
All  rails  were  in  good  shape  in  both  the  high  and  low  sides  of  the  curve.  There 
was  some  gage  corner  wear  on  the  high  rails  and  some  light  head  How  taking  place 
toward  the  field  sides  of  the  rails.  A  visual  inspection  revealed  no  significant  differ- 
ence in  the  two  test  curves.  The  rails  were  well  lubricated  throughout  both  curves. 
Rail  head  contours  were  taken  on  four  equal  distant  points  in  each  curve. 

Both  producers'  rails  are  giving  good  service  at  this  time.  It  is  considered  too 
early  in  the  service  life  of  these  test  curves  to  draw  any  conclusions. 

Service  Test  of  132  RE  Fully  Heat-Treated  Rail  on  a  6-Deg 
Curve  at  Maher,  W.  Va.,  Mile  Post  N481  +  210  Ft 

Sixty-six  fully  heat-treated  rails  were  installed  in  both  the  high  and  low  sides 
of  the  6-deg  curve  at  Maher,  W.  Va.,  on  August  2  and  9,  1954.  On  September  21, 
1959,  after  the  rails  had  been  in  service  over  5  years  and  had  carried  168,900,000 
grass  tons  of  traffic,  tliey  were  transposed,  high  rails  to  the  low  side  and  low  rails 
to  the  high  side  of  the  curve. 

As  reported  previously  3  of  the  66  original  high-side  rails  were  removed  from 
service  prior  to  the  transposition  due  to  the  development  of  detailed  fractures  from 
shelling.  Two  low-side  rails  were  not  reinstalled  in  the  high  side  during  the  trans- 
position. These  two  rails  were  used  elsewhere.  Four  rails  on  the  low  side  at  the  east 
end  of  the  curve  were  removed  from  service  during  a  derailment  in  the  area  in 
1962.  Two  rails  have  since  been  removed  from  the  high  side  and  3  from  the  low 
side  of  the  curve  due  to  service  developments  at  the  rail  ends.  This  has  reduced 
the  number  of  fully  heat-treated  rails  in  the  high  and  low  sides  of  the  curve  to  57. 

By  the  time  of  this  May  25,  1966  inspection  the  rails  had  carried  a  total  of 
494,350,000  gross  tons  of  traffic. 

The  field-side  corner  of  the  head  of  the  former  low  rails  had  developed  a  mild 
fin  of  plastically  deformed  metal  which,  of  course,  has  been  in  for  considerable 
work  since  the  transposition  to  the  high  side.  This  fin  has  been  ground  away  by 
the  wheels,  and  the  gage  corner  has  a  contour  normal  in  high-side  rails.  Gage 
corner  developments  were  noted  as  tabulated  on  page  465  during  the  1964  and 
1966  inspections: 

Three  small  shells  were  noted  in  rail  81033-C7  at  about  8  ft  to  10  ft  from  the 
east  or  receiving  end,  and  one  small  shell  was  found  in  rail  87062-Bll  at  approxi- 
mately 5  ft  from  the  west  or  leaving  end.  These  are  the  first  shells  to  be  observed 
since  transposition  of  the  rails. 

The  low-side  rails  appeared  to  be  in  good  condition.  A  number  of  the  rail  ends 
in  both  the  high  and  low  sides  of  the  curve  were  chipped  and  broken  out  in  areas 
of  previous  welding  to  correct  end  batter.  Repair  welding  is  underway. 
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It  is  obvious  that  the  transposition  is  considerably  extending  the  life  of  these 
fully  heat-treated  rails  which,  prior  to  the  transposition,  had  given  better  than  two 
times  the  life  of  previous  regular  rails  in  this  curve  and  now  have  more  than 
doubled  that  service,  making  a  service  life  ratio  of  5  to  1  in  favor  of  fully  heat- 
treated  rails  o\er  non-heat-treated  rails  in  this  location. 

Service  Test  of  132  RE  Fully  Heat-Treated  Rail  on  a  Compound 
4-Deg  7-Deg  12-Deg  Looney's  Curve— Mile  Post  N445  -f  582  Ft 

Fifty-fi\e  fully  heat-treated  rails  were  laid  in  the  high  side  and  54  in  the  low 
side  of  this  compound  curve  on  August  2  and  9,  1954. 

In  September  1961,  due  to  the  progression  of  service  developments,  the  test 
rails  in  the  high  side  of  the  curve  were  replaced  with  new  fully  heat-treated  rails. 
Thus,  after  85  months  the  service  life  of  these  heat-treated  rails  came  to  an  end 
in  this  location  where  previously  installed  non-heat-treated  rails  lasted  only  15  to 
18  months  (a  high-side  service  life  ratio  approaching  5  to  1). 

To  the  time  of  the  1961  inspection,  about  half  of  the  heat-treated  rails  in  the 
low  side  of  the  curve  had  resisted  the  heavy  crushing  common  in  such  locations, 
while  others  showed  some  deformation.  There  appeared  to  be  little  change  in  these 
rails  to  the  time  of  the  May  15,  1963,  and  the  October  7,  1964,  inspections. 

At  the  time  of  the  May  25,  1966,  inspection,  24  of  the  low-side  rails  were 
noted  to  contain  some  evidence  of  crushing  in  the  head  surface,  but  many  were 
mild  developments.  Moderate  flow  and  wear  were  observed  and  recorded  through 
contour  tracings.  At  least  9  rails  contained  wheel  burns;  some  were  spot  burns 
while  others  were  the  continuous  slip  type. 

Approximately  280,760,000  gros.s  tons  of  traffic  ha\e  been  carried  in  the  11 
year  and  9  month  period  since  these  fully  heat-treated  rails  were  installed  in  this 
location  where  previously  installed  non-heat-treated  rails  lasted  about  6  to  9  months, 
a  low-side  service  life  ratio  approaching  16  to  1  to  date. 

The  replaced  fully  heat-treated  rails  in  the  high  side  of  the  curve  (installed 
in  September  1961)  look  good  with  no  indication  of  gage  corner  developments. 
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Service  Test  of  132  RE  Fully  Heat-Treated  Rails 

The  twelve  fully  heat-treated  and  twelve  non-heat-treated,  end-hardened  rails 
which  were  laid  in  the  high  and  low  sides  of  the  3-deg  6-min  curve  at  Martha, 
W.  Va.,  on  May  2,  1949,  were  inspected  on  May  26,  1966. 
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On  June  12,  1961,  after  more  tlian  12  years  of  service  and  after  carrying 
approximately  325,000,000  gross  tons  of  traffic,  the  test  rails  were  transposed.  The 
rails  from  the  high  side  of  the  curve  were  laid  in  the  low  side  and  the  low  side 
rails  were  turned  so  as  to  use  the  corner  of  the  rail  head  showing  the  least  fin  for 
the  new  gage  side. 

To  the  time  of  this  1966  inspection  the  rails  had  carried  approximately 
450,000,000  gross  tons  of  traffic. 

Two  test  rails  have  been  removed  from  service.  Fully  heat-treated  rail  87581- 
C14  was  badly  marked  by  engine  wheel  burns  7  ft  from  the  receiving  end  while 
it  was  in  the  low  side  of  the  curve.  It  was  removed  from  its  high-side  transposed 
position  late  in  1962.  Fully  heat-treated  rail  87581-E35  was  removed  from  its  low- 
side  transposed  position  since  the  May  1964  inspection  due  to  service  developments 
in  the  area  of  a  shell  5  ft  from  the  receiving  end  which  developed  while  the  rail 
was  in  the  high  side  of  the  curve. 

Wheel  contact  on  the  gage  corner  of  the  high  side  fully  heat-treated  rails 
appears  quite  normal.  The  fin  of  plastically  deformed  head  metal  on  the  six  non- 
heat-treated  rails  which  formed  while  the  rails  were  in  the  low  side  of  the  curve 
has  not  cut  away. 

Nine  shells  have  developed  in  three  of  the  six  non-heat-treated  rails  in  the 
high  side  of  the  curve  as  follows.  This  is  the  first  shelling  noted  since  the  rails  were 
transposed. 

87581-E12      2  shells  15  ft  from  leaving  end 

87581-G3        1  shell  10  ft  from  receiving  end 

82589-E6        6  shells  in  tlie  middle  12  ft  of  the  rail  length 

No  gage  corner  developments  were  observed  in  the  fully  heat-treated  rails. 

Contour  tracings  indicate  considerably  more  flow  and  wear  in  both  the  high- 
and  low-side  untreated  rails  than  in  the  heat-treated  rails. 

Generally  speaking,  the  rails  appear  in  fair  condition  and  can  be  expected  to 
give  considerable   additional   service. 

GREAT  NORTHERN  RAILWAY 
Service  Test  of  Rails  Rolled  from  Continuously  Cast  Blooms 

Continuously  cast  blooms  approximately  9.5  in  square  were  produced  from  a 
35-ton  electric  furnace  heat  by  the  Fives  Gille  Company  of  Cail,  France.  The 
blooms  of  0.66  carbon  and  0.75  manganese  steel  were  rolled  into  rails  at  Hutten- 
werk  Rheinhausen,  Germany,  on  October  10,  1961,  in  section  S49M  (German), 
approximately   98.57   lb   per   yard. 

After  considerable  testing  at  the  AAR  Research  Laboratory  and  the  University 
of  Illinois,  four  rails  were  installed  on  October  13,  1964,  by  the  Great  Northern 
in  the  No.   1  lead  track  at  the  east  end  of  the  Allouez,  Wis.,  yard. 

The  four  39-ft  rails  were  laid  in  the  high  side  of  a  7-deg  30-min  curve,  with 
1^-in  superelevation.  The  rails  were  joined  together  with  four-hole  90-lb  GN  joint 
bars.  The  end  rails  were  joined  by  machined  four-hole  compromise  joints  bars  to 
110-lb  GN  rails   (1937).  All  bolt  holes  in  the  rails  were  drilled  in  the  field. 

On  June  21,  1966,  after  carrying  11,047,258  gross  tons  of  traffic,  tonnage 
figured  to  May  31,  1966,  these  rails  were  inspected.  Moderate  curve  wear  and 
light  head  checks  were  noted  on  each  of  the  four  rails.  The  three  west  rails  were 
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marked  by  wheel  burns.  Otherwise  tlie  installation  appeared  normal.  There  was 
little  or  no  e\idence  of  lubrication  on  the   rails. 

Contour  tracings  were  made  at  a  point  10  ft  from  the  west  or  receiving  end 
of  each  rail.  The  results  are  shown  in  Table  1.  The  track  gage  at  the  points  of 
contour  was  56/2  in  for  three  rails  and  56/8  in  for  the  fourth. 

Considerabl\-  more  ser\'ice  will  be  required  before  any  conclusions  can  be 
draun   on  the  relative  merit  of  such  rails. 

Service  Test  of  115  RE  Fully  Heat-Treated  Rails  (Curve  20) 

This  installation  of  115  RE  full\-  heat-treated  rails  on  the  Great  Northern 
Railway  ore-carrying  tiacks,  east  of  Carlton,  Minn.,  was  extensively  described  in 
the  AREA  Proceedings,  Vol.  57,  pages  837-850  and  Vol.  63,  pages  540-543. 

The  original  fully  heat-treated  rails  were  installed  in  both  the  high  and  low 
sides  of  the  4-deg  curve  No.  20  on  February  7,  1951.  On  May  17,  1961,  65  of  the 
rails  were  transposed  after  384,000,000  gross  tons  of  traffic.  During  this  same  period 
two  sets  of  ordinary  rails  were  worn  out  in  the  high  side  of  the  comparative  4-deg 
curve  No.   22. 

Slightly  more  than  100  million  gross  tons  of  traffic  passed  over  the  rails  from 
the  time  of  the  transposition,  to  May  31,  1966,  bringing  the  total  gross  tons  carried 
to  485,349,311. 

At  the  time  of  the  June  1965  inspection  a  small  shell  was  noted  in  two  rails. 
Three  additional  shells  were  foimd  in  one  of  these  rails  and  three  other  rails  were 
noted  to  contain  small  shells  at  the  time  of  this  inspection.  Flaking  was  observed 
in  most  of  the  rails  in  the  full  curve  portion  of  the  high  side.  The  low-side  rails 
appeared  in  good  condition.  Generally  speaking,  all  the  rails  have  taken  the  trans- 
position verv  well  but  are  starting  to  show  typical  service  developments. 

The  cur\'e  oiler  appeared  to  be  functioning  properly  and  all  rails  were  well 
lubricated. 

Contour  tracings  were  made  on  both  high  and  low  side  rails.  The  results  are 
shown  in  Table  1. 

Service   Test  of   115   RE   Fully  Heat-Treated   78-Ft  Electric-Flash 
Butt  Welded  and  Columbium-Treated  Rails   (Curve  22) 

An  inspection  of  the  78-ft  electric-flash  butt  welded  fully  heat-treated  and 
39-ft  Columbium-treated  rails  installed  on  the  Great  Northern  Railway's  ore-carrying 
track,  east  of  Carlton,  Minn.,  was  made  on  June  21,  1966.  The  115  RE  Columbium- 
treated  rail  was  extensivelv  described  in  the  AREA  Proceedings,  Vol.  63,  pages 
533-535. 

Following  removal  of  the  second  set  of  regular  non-heat-treated  rails  from  the 
4-deg  curve  No.  22  which  were  being  compared  with  the  fully  heat-treated  rails 
in  the  4-deg  No.  20  curve,  curve  No.  22  was  laid  with  Columbium-treated  and 
78-ft  butt  welded  fully  heat-treated  rails  on  May  17,   1961. 

Starting  in  the  spiral  at  the  west  end  of  the  curve,  8  rails  of  steel  bearing 
different  amounts  of  Columbium  were  installed  in  the  high  side  and  7  rails  in  the 
low  side  of  the  curve.  The  section  1150  Columbium  rails  were  produced  bv  CF&I, 
from  steel  bearing  %  lb,  Jz  lb  and  1  lb  Columbium  per  ton. 

One  78-ft  flash  butt  welded  fully  heat-treated  rail  preceded  and  16  followed 
the  Columbium-treated  rails  in  both  the  high  and  low  sides  of  this  curve.  The  fully 
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heat-treated  rails  were  produced  at  Steelton  and  were  flash  welded  into  78-ft  lengths 
by  the  Great  Northern  (NCG). 

Bv  the  time  of  this  inspection  both  the  Columbium-treated  and  fully  heat- 
treated  rails  had  carried  approximately  91,123,534  gross  tons  of  traffic.  Six  of  the 
high-side  Columbium  rails  have  developed  shells  and  the  head "  metal  has  flowed 
and  become  curve  worn  at  a  rapid  rate.  The  seventh  rail  was  removed  from  service 
in  1965  due  to  a  detector  car  indication.  Only  the  first  Columbium  rail  in  the 
receiving  end  of  the  curve  (/4  lb/ton  Cb)  showed  no  evidence  of  shelling  at  the 
time  of  this  inspection.  It  would  appear  that  the  rails  having  the  greater  amounts 
of  Columbium  have  less  resistance  to  these  service  developments.  In  fact  there 
appears  to  be  some  question  at  this  time  whether  the  Columbium  rails  are  doing 
as  well  as  regular  rails  previously  installed  in  this  curve.  More  service  will  be 
required  to  make  sure  of  this  situation. 

In  the  meantime  the  78-ft  flash  butt  welded  fully  heat-treated  rails  look  good. 
No  gage  corner  service  developments  were  noted  and  wear  and  metal  flow  appeared 
to  be  at  a  minimum.  There  appeared  to  be  evidence  that  since  the  1965  inspection 
head  checks  had  developed  in  the  gage  corner  of  the  head  of  some  of  the  rails  in  the 
mid-portion  of  the  curve,  but  have  since  worn  away.  The  gage  corner  of  all  the 
fully  heat-treated  rails  appeared  smooth  at  the  time  of  this  inspection.  The  weld 
areas  showed  no  evidence  of  additional  flow.  In  fact  it  was  necessary  to  search  the 
web  area  for  the  upset  in  most  cases  to  locate  the  welds. 

Contour  tracings  were  made  on  some  of  the  rails,  and  the  results  are  shown 
in  Table  1. 

Service  Test  of  115  RE  Curvemaster  and  Fully  Heat-Treated 
Rails    (Curves  125,  133  and  136) 

The  Great  Northern  established  a  service  test  of  Curvemaster  rails  in  the  west- 
bound track,  in  double-track  territory,  between  Blacktail  and  Nimrod,  about  70 
miles  west  of  Cutbank,  Mont.,  on  August  5  and  6,  1964.  The  surface-hardened 
rails  were  installed  in  one  curve.  No.  125.  Two  nearby  curves.  No.  133  and  No. 
136,  of  somewhat  similar  characteristics,  in  which  fully  heat-treated  rails  had  been 
installed,  were  selected  for  comparison  purposes.  The  details  of  the  installations 
and  the  characteristics  of  the  curves  are  recorded  in  the  Proceedings,  Vol.  67, 
Bulletin  598,  pages  496  and  499. 

Rails  previously  installed  in  these  curves  were  usually  transposed  for  the  first 
time  in  about  3  years,  with  a  possible  overall  life  of  up  to  12  years.  To  the  time 
of  this  inspection,  September  13,  1966,  the  rails  had  been  in  service  over  two  years 
and  had  carried  approximately  20,102,580  gross  tons  of  traffic,  tonnage  figured  to 
August   1,   1966. 

As  reported  previously,  the  wear  pattern  on  the  head  of  the  high-  and  low- 
side  rails  in  Curve  No.  125  appeared  normal,  while  the  wear  pattern  throughout 
Curves  No.  133  and  No.  136  appeared  slightly  abnormal  in  that  the  pattern  was 
toward  the  field  side  in  the  low  rails  and  on  the  gage  half  of  the  head  in  the  high 
rails.   This   condition   is   undoubtedly   due   to  inherent  track   and  service   conditions. 

Slight  wear  and  flow  was  noted  in  the  rails  in  the  three  cvuves,  but  no  flaking, 
shelling  or  crushing  was  observed.  At  least  four  rails,  in  Curve  No.  125  were  marked 
by  wheel  burns:  low-side  rails  D27  at  3  ft  from  west  end,  and  high-side  rails  E31 
twice  at  midrail  and  B29  at  spots  opposite  burns  in  rail  D25. 

Curve  oilers  are  a  considerable  distance  from  these  curves,  so  lubrication  was 
negligible  at  the  time  of  this  inspection. 
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Cross  section  contours  were  taken  at  about  the  center  of  the  lea\'ing  (or  west) 
39-ft  half  of  the  78-ft  rails.  Results  are  shown  in  Table  1. 

It  is  still  too  early  in  the  life  of  these  rails  to  make  any  comparative  comment. 

Service  Test  of  115  RE  High-Silicon  Rails   (Curves  705,  710,  48  and  52) 

The  Great  Northern  installed  high-silicon  (0.71  Si)  115  RE  rails  in  the  4-deg 
59-min  Curve  No.  710,  and  regular  comparative  rails  in  the  5-deg  00-min  Curve 
No.  705  in  September  1955.  This  service  test  was  installed  to  investigate  the  proper- 
ties of  high-silicon  rail  in  regard  to  its  abrasion  and  shelling  resistance.  These 
installations  were  described  extensively  in  the  AREA  Proceedings,  Vol.  58, 
page  1028. 

At  the  time  of  the  August  1964  inspection,  after  more  than  145,000,000  gross 
tons  of  traffic,  6  of  the  20  standard  rails  in  the  high  side  of  Curve  No.  705  were 
noted  to  contain  shells,  2  widi  heavy  shells  and  4  with  medium  to  Hght  shells,  and 
3  rails  contained  medium  flaking  area. 

Fourteen  of  the  31  high-silicon  rails  in  the  high  side  of  Curve  No.  710  con- 
tained shells,  8  heavy  and  6  medium  to  light.  One  rail  had  been  removed  on 
February  3,  1964,  due  to  a  detected  progressive  fracture  from  shelling. 

By  October  4,  1965,  after  179,496,347  gross  tons  of  traffic,  12  of  the  20 
standard  rails  contained  shells.  In  two  rails,  12143-C16  and  12143-B16,  the  shells 
extended  almost  to  the  center  line  of  the  top  of  the  rail  head.  Another  rail  showed 
flaking  throughout  its  length. 

At  the  same  time  24  of  the  31  high-silicon  rails  were  found  to  contain  shelling 
to  some  extent,  several  throughout  the  rail  length.  Rail  16191-D16  appeared  to  be 
most  heavily  shelled. 

In  October  1965  the  rails  in  both  curves  were  transposed.  Two  low-side  high- 
silicon  rails  were  not  moved  to  the  high  side  of  Curve  No.  710  for  reasons  unknown 
at  this  time.  Two  high-side  standard  carbon  rafls  (12143-C16  and  B16)  were  not 
moved  to  the  low  side  of  Curve  No.  705  due  to  the  heavy  shelling  noted  above. 

By  the  time  of  this  September  14,  1966,  inspection,  approximately  19,760,289 
gross  tons  of  traffic  had  passed  over  the  rails  in  their  transposed  positions.  No  gage 
corner  developments  were  observed,  but  chipping  of  the  head  surface  in  areas  of 
former  low-side  crushing  was  noted  in  tvvo  high-silicon  rails  in  Curve  No.  710  and 
in  11  standard  carbon  rails  in  Curve  No.  705,  the  condition  in  the  latter  rails  con- 
siderably more  severe. 

Chipping  of  the  head  surface  in  the  joints  at  the  end  of  the  rails  was  observed 
in  5  of  the  high-side  high-silicon  rails. 

The  rails  in  both  curves  have  been  well  lubricated  throughout  the  test  period. 
The  curve  oiler  is  in  the  fourth  rail  east  of  the  first  high-side  test  rails  in  Curve 
No.  710,  and  at  the  west  end  of  the  curve  for  the  high-rails  in  Curve  No.  705. 

Contour  tracings  were  made  at  each  curve.  Results  are  shown  in  Table  1. 

On  September  15,  1966,  the  high-silicon  (0.62  Si)  rails  in  the  2-deg  30-min 
45-sec  Curve  No.  48  and  the  regular  comparative  rails  in  the  2-deg  30-min  Curve 
No.  52  near  Win  ton.  Wash,  were  inspected.  These  115  RE  test  rails  were  installed 
by  the  Great  Northern  in  July  1955. 

At  tlie  time  of  the  1964  inspection  a  small  shell  was  noted  in  high-silicon  rail 
1162-B17  in  Curve  No.  48.  No  service  developments  were  noted  in  the  regular  rails 
in  Curve  No.  52. 

(Text  continued  on  page  474) 
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During  the  August  1965  inspection,  after  approximately  97,499,749  gross  tons 
of  traffic,  3  high-silicon  rails  in  Curve  No.  48  were  found  to  contain  light  to  medium 
flaking  areas,  1162-B17,  C21  and  E12.  Apparently  the  small  shell  noted  in  rail 
1162-B17  in  1964  had  worn  away.  Most  high-side  rail  ends  were  chipped  to  some 
degree,  especially  at  the  west  end  of  the  rails.  A  few  low-side  rail  ends  were 
chipped  also.  Several  rails  in  the  east  end  of  the  curve  were  badly  burned  by 
slipping  wheels. 

Of  die  comparative  regular  high-side  rails  in  Curve  No.  52,  only  rail  10257-B17 
was  found  to  contain  very  light  flaking  at  midrail.  High-side  rail  10257-B14  was 
heavily  chipped  at  the  west  end  in  the  joint.  A  few  additional  high-side  rails  were 
chipped  at  the  ends. 

At  the  time  of  this  September  1966  inspection,  after  109,544,875  gross  tons  of 
traffic,  9  of  the  66  high-silicon  rails  in  the  high  side  of  Curve  No.  48  contained 
very  light  flaking.  No  shelling  or  heavy  flaking  was  noted.  The  ends  of  14  high-side 
rails  were  chipped  in  the  joints  due  to  metal  flow.  Two  low-side  rails,  1162-F16 
and  16191 -F 18,  showed  slight  chipping  of  tlie  head  surface  due  to  flow  of  the  head 
metal  toward  the  field  side. 

In  the  high  side  of  Curve  No.  52,  very  light  flaking  was  noted  in  7  of  the  27 
rails  and  the  ends  were  chipped  at  the  joints  in  7  rails.  No  chipping  of  the  head 
metal  in  the  low  side  rails  was  observed. 

There  are  no  curve  oilers  near  to  these  test  curves  so  there  is  little  or  no 
evidence  of  lubrication  in  either  installation. 

Contour  tracings  were  made  at  each  curve.  Results  are  shown  in  Table  1. 

PENNSYLVANIA  RAILROAD 

Service  Test  No.  642  of  140  RE  High-Silicon  Rails 

On  November  10,  1965,  a  joint  field  inspection  was  made  of  the  140  RE  high- 
silicon  rails  produced  by  tlie  United  States  Steel  Corporation — Edgar  Thomson 
Works — which  were  laid  June  25-29,  1956  in  the  No.  3  (former  No.  4)  westward 
main  track,  east  of  Mifflin,  Pa.,  bet\veen  M.P.  153  +  2530  and  around  the  2-deg 
Casners  Curve,  the  3-deg  l5-min  Stone  House  Curve  and  the  3-deg  15-min  and 
5-deg  Mifflin  Reverse  Curve.  The  following  persons  were  present: 

W.  T.   Hammond — assistant  chief  engineer — staff,  Pennsylvania  Railroad. 

C.   R.   Kerns — assistant  engineer — service  tests,   Pennsylvania  Railroad. 

A.   H.   Bair — draftsman,   Pennsylvania   Railroad. 

E.   F.  Keib — metallurgical  engineer,  U.  S.  Steel  Corp. 

G.   G.   Knupp — assistant  metallurgical  engineer,   Bethlehem  Steel  Corp. 

This  report,  prepared  by  Mr.  Knupp,  represents  the  composite  observations  of  the 
PRR,  U.  S.  Steel  Corp.  and  Bethlehem  Steel  Corp.,  and  has  been  edited  and 
accepted  by  all  parties. 

Alternate  groups  of  3  high-silicon  and  3  standard-analysis  high-carbon  (blue 
end)  rails  were  laid  throughout  the  distance  on  high  and  low  sides  of  the  curves. 
Ladle  analysis  of  the  high  silicon  heat  01H312  is  as  follows: 

C  Mn  P  S  Si 

Percent     0.80         0.81         0.033         0.035         0.44 
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In  Februan-  1964,  after  260,000,000  gross  tons  of  traffic,  14  of  the  test  rails 
were  removed  from  the  5-deg  west  portion  of  the  Mifflin  Reverse  Cvn\e — 5  from 
the  low  side  due  to  cnishine;  and  whrcl  Inirns  and  9  from  the  high  side  due  to 
curve  wear. 

These  rails  were  replaced  witli  2  low-side  and  4  high-side  standard-analysis 
rails   and    with   3   low-side   and   5   high-side   special   high-carbon    (0.89/0.91)    rails. 

.\t  the  time  of  the  joint  in.spection  on  November  10,  1965,  337,700,000  gross 
tons  had  passed  o\er  the  portions  of  the  test  where  no  rail  changes  had  been  made 
and  77,700,000  gross  tons  had  passed  over  the  rails  installed  in  1964. 

On  the  high  sides  of  cur\es  in  both  types  of  rails,  Haking  and  head  checks 
were  noted  to  some  degree,  but  based  on  comparison  with  the  previous  years' 
photographs,  flaking  had  worn  oft  by  cur\e  wear  and  new  flaking  had  developed. 

Seven  standard-anal\sis  rails  in  the  3-deg  15-min  and  2-deg  curves  have  devel- 
oped a  total  of  18  shells,  one  being  noted  in  1961,  six  more  in  1962,  eight  more, 
in  1963,  frv\o  more  in  1964  and  one  on  rail  07H294-C-4  this  year.  The  size  and 
shape  of  the  shelling  have  varied,  but  for  the  most  part  the  shells  appear  small  and 
shallow,  with  one  almost  ground  away  by  curve  wear.  No  shells  have  been  found 
in  high-silicon  rails  to  date. 

Service  Test  No.  642  of  155  PS  High-Silicon  Rails 

On  November  10,  1965,  an  inspection  was  made  of  tlie  155  PS  high-silicon 
rails  produced  at  Steelton  in  September  1953,  and  installed  by  the  PRR  October 
5-9,  1953,  in  the  No.  1  eastbound  track  in  the  2-deg  37-min  Bixler  Curve  east  of 
Lewiston,  Pa.  at  M.P.  164.  The  same  persons  were  present  as  listed  above  xmder 
the  report  on  Service  Test  No.  642  of  the  140  RE  High-Silicon  Rails. 

This  report,  prepared  bv  Mr.  Knupp,  represents  the  composite  observations 
of  the  PRR,  U.  S.  Steel  Corp.,  and  Bethlehem  Steel  Corporation,  and  has  been 
edited  and  accepted  by  all  parties. 

The  high-silicon  rails  made  from  heat  86N594  were  laid  in  groups  of  5  alter- 
nately with  groups  of  5  rails  of  standard  analysis  (blue  ends)  starting  in  the  tangent 
just  west  of  the  cur^'e.  All  the  rails  were  end  hardened  at  Steelton.  The  ladle  analysis 
of  the  heats  from  which  the  test  rails  were  produced  follows: 

C  Mn  P               S  Si 

High  silicon    86N594         0.79  0.72  0.01  0.034  0.59 

Standard    (blue  ends)    87N466         0.78  0.86  0.02  0.028  0.14 

Standard    (blue  ends)    90N479         0.78  0.85  0.02  0.026  0.15 

On  January  19-20,  1959,  the  test  rails  east  of  joints  No.  405  (low  side)  and 
No.  407  (high  side)  were  transposed.  The  rails  west  of  joints  406  and  407  are  in 
the  tangent  and  entering  spiral  before  the  cur\e  and  have  not  shown  any  evidence 
of  flaking  or  crushing. 

At  the  time  of  this  1965  inspection  the  approximate  total  gross  tonnage  over 
the  test  rails  since  installation  was  407,960,000,  of  which  184,000,000  gross  tons 
had  accumulated  prior  to  transposition,  and  223,960,000  gross  tons  since. 

All  the  rails  at  full  elevation  in  the  curve  showed  flaking  to  some  degree 
throughout  their  length,  with  a  few  areas  showing  rather  heavy  flaking.  By  com- 
paring   the    current   conditions   with   photographs   taken   at   the   time   of  the    1964 
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inspection,  it  appeared  that  there  was  an  increase  in  cur\'e  wear  which  changed 
the  flaking  pattern,  with  a  lesser  amoimt  of  new  flaking  apparent.  It  was  previousK' 
reported  that  the  size  and  depth  of  the  flaked  areas  in  the  high-siHcon  rails  were 
less  than  in  the  standard-analysis  rails.  This  difi^erence  was  less  noticeable  at 
this   time. 

Previously  observed  areas  of  mild  crushing  in  several  of  the  standard-analysis 
high-side  rails,  which  developed  while  tlie  rails  were  in  the  low  side  of  the  curve, 
have  apparently  worn  away.  There  was  no  lubrication  on  the  high-side  rails 
throughout  the  curve. 

It  should  be  noted  that  no  shelly  spots  have  appeared  in  either  the  high-silicon 
or  standard-analysis  rails.  Consequently,  the  only  appreciable  difference  between 
the  types  of  rail  would  lie  in  the  wear  pattern.  Contour  tracings  will  be  taken  to 
determine   the   relative  amounts  of  wear. 

Service  Test  No.  782  of  140  RE  .79  percent/.92  percent  Carbon  Rails 

On  November  11,  1965,  an  inspection  wa.s  made  of  the  special  high  carbon  and 
comparative  standard  analysis  section  140  RE  rails  installed  by  the  PRR  May  22, 

1963  in  the  No.  3  eastbound  freight  track  at  York  Haven,  Pa.  The  same  persons 
were  present  as  listed  above  under  the  report  on  Service  Test  No.  642  of  the  140 
RE  High-Silicon  Rails. 

This  report,  prepared  by  Mr.  Knupp,  represents  the  composite  observations  of  the 
PRR,  U.  S.  Steel  Corp.  and  Bethlehem  Steel  Corporation,  and  has  been  edited  and 
accepted  by  all  parties. 

Sixty-eight  special  high-carbon  rails  and  69  rails  of  standard  analysis  were  laid 
primarily  in  alternate  groups  of  three  in  both  the  north  and  south  rails,  starting  in 
the  tangent  at  M.P.  68  +  2110  ft  and  extending  west  through  a  4-deg  45-min  curve, 
a  short  tangent,  and  a  compound  4-deg  8-min  and  2-deg  6-min  curve  to  M.P. 
68  -\-  4439  ft. 

The  68  special  high-carbon  rails  were  rolled  from  Steelton  heat  85068  in 
February  1963,  were  end  hardened,  and  were  stamped  CHH  ahead  of  the  heat 
number.  The  ladle  analysis  for  the  heat  follows: 

C  Mn  P  S  Si 

Percent     0.89         0.85         0.014         0.053         0.22 

The  69  comparative  standard-analysis  rails  (50  Illinois,  19  Steelton)  all  "A" 
rails  except  two  short  rafls,  were  rolled  from  22  different  heats  ( 17  Illinois,  5  Steel- 
ton), were  also  end  hardened  and  were  stamped  CH  ahead  of  the  heat  numbers. 

To  the  time  of  this  inspection  the  test  rails  had  carried  approximately 
90,000,000  gross  tons  of  traffic.  Light  flaking  was  observed  in  one  standard-analysis 
rail  in  the  high  side  of  the  4-deg  45-min  curve  and  in  at  least  6  of  the  standard- 
analysis  rails  in  tlie  high  side  of  the  4-deg  8-min  curve.  Head  checks  were  noted 
in  many  of  the  standard-analysis  rails  and  in  a  few  of  the  special  high-carbon  rails. 

However,  the  amount  of  curve  wear  has  increased  considerably  since  the  June 

1964  inspection,  resulting  in  a  changing  pattern  of  head  checks  and  flaking.  Some 
variations  in  the  wear  pattern  in  the  high-side  rails  were  noted  but,  in  general,  it 
appeared  that  slightly  less  curve  wear  may  be  taking  place  in  the  special  high- 
carbon  rails. 
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A  variation  was  apparent  in  the  flow  or  batter  at  the  ends  of  some  of  the 
standard-analysis  rails,  and  chipped-out  areas  were  noted,  especially  in  the  4-deg 
8-inin  curve.  The  ends  of  the  special  high-carbon  rails  appeared  to  be  standinji  up 
verv  well. 

Contour  tracings  are  being  taken  at  intervals  to  determine  the  relati\e  amounts 
of  wear. 

Appendix  8b 
Shelly    Rail    Investigation,    Rolling-Load   and   Slow-Bend   Test   Results 

A  rail  problem  of  major  concern  to  the  railroad  industry  is  the  resistance  of 
rail  to  shelling.  Two  methods  presentlv  employed  for  impnning  this  property  is  the 
addition  of  alloying  elements  and  the  heat  treating  of  rail.  The  rolling-load  tests 
in  a  cradle-t>'pe  machine  conducted  at  the  Association  of  American  Railroads 
Research  Center  are  designed  to  evaluate  tliese  methods  of  improving  the  resistance 
to  shelling.  Rolling-load  test  results  obtained  from  these  cradle-type  machines  for 
the  period  between  October  1,  1965,  and  October  1,  1966,  are  showni  in  Table  1. 

The  S-13  series  were  initiated  at  the  request  of  the  Southern  Pacific  Company 
to  compare  the  effects  of  welding  prior  to  flame  hardening  and  flame  hardening 
prior  to  welding.  The  electric-flash  butt  welds  were  made  from  secondhand  132-lb 
HF  rail  and  flame  hardened  by  the  Hammon  process.  Specimens  S-13A  (welded 
and  then  flame  hardened)  and  S-13C  (flame  hardened  and  then  welded)  failed 
after  being  subjected  to  389,800  and  656,900  cycles,  respectively.  A  side  view  of 
these  joints  showing  tlie  appearance  of  the  shells  can  be  seen  in  Figs.  1  and  2. 
As  a  result  of  this  performance,  rolling-load  tests  were  conducted  on  welded  joints 
made  from  132-lb  HF  secondhand  rail  having  no  flame  hardening  applied.  These 
joints,  S-13E  and  S-13J,  shelled  after  being  subjected  to  1,088,000  and  1,163,000 
cycles,  respectivelv.  Later,  rolling-load  tests  were  conducted  on  flame-hardened 
132-lb  HF  secondhand  rail  to  evaluate  the  Hammon  process.  Specimens  S-13  S 
and  S-13U,  having  hardaned  areas  of  )i  and  %  in  depths,  failed  after  being  subjected 
to  584,500  and  518,500  cycles,  respectively.  It  was  believed  that  tliis  performance 
might  be  associated  with  the  work-hardening  in  track  received  by  tlie  second- 
hand HF  rail;  therefore,  tests  were  conducted  on  new  136-lb  CF&I  flame-hardened 
rail.  Specimens  S-13AD,  S-13AE  and  S-13AA,  having  hardened  areas  of  's,  '4  and 
%  in  depths,  failed  after  being  subjected  to  1,380,200,  1,747,800  and  754,300  cycles, 
respecti\elv. 

Rolling-load  tests  previously  conducted  on  flame-hardened  rails  produced  1j\' 
the  Hammon  process  at  their  pilot  plant  in  Oakland,  Calif.,  showed  satisfactory 
results.  The  flame-hardened  rail  specimens  tested  in  this  S-13  series  were  produced 
by   Hammon's   production  installation  at  Tracy,   Calif. 

Specimens  S-14A  and  B  were  submitted  by  the  Illinois  Central  Railroad  to 
study  the  possible  detrimental  effects  of  a  scarfed  area  found  on  the  head  of  this 
flame-hardened  rail.  These  133-lb  rails,  flame  hardened  liy  the  Linde  process,  devel- 
oped shells  after  being  subjected  to  1,254,400  and  844,900  cvcles  in  the  cradle- 
type  rolling-load  uiachnie.  A  transverse  section  cut  troni  the  end  of  specimen  S-14B 
was  etched  with  a  10  percent  nital  solution  ami  found  to  have  a  X-in-deep 
hardened  area. 

The  S-15  series  was  initiated  to  further  e\aluate  the  NC(i  (previously  Ham- 
mon)  flame-hardening  process  for  the  Southern  Pacific  Company.  Specimens  S-15D, 
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S-15K,  S-15  B  and  S-15  L,  having  hardened  areas  of  M,  Va,  %  and  9/16  in 
depths,  shelled  after  being  subjected  to  2,586,700,  622,600,  476,400  and  945,600 
cycles,  respectively.  Secondhand  132-lb  HF  flame-hardened  rail  specimen  S-15P, 
having  a  hardened  area  of  /4  in  depth,  failed  after  being  subjected  to  171,100  cycles 
in  the  cradle-type  rolling-load  machine. 

All  hardness  checks  in  this  investigation  were  taken  at  1/16-in  intervals  witli 
a  Rockwell  Hardness  tester  using  the  "C"  scale  and  converted  to  BHN  reading. 
Fig.  3  shows  the  pattern  of  hardness  tests  on  Specimen  S-13-S.  Table  2  shows  the 
hardness  in  Brinell  Hardness  numbers. 

During  this  period  there  were  no  slow-bend  tests  conducted  on  rails  at  the 
Association  of  American   Railroads  Research  Center. 


Rail 


479 


O    — 
o"  ^ 

o 

o 

o 

o 
o 

o 
o 

o 
o 
o 

o 

o 
o 

o 

o 
o 

o 
o 

o 

o 

o 

o 
o 

o 

Endur- 
ance 
Limit 
psi 

3 
> 

|o|- 

Tensile 

arenglh 
psi 

2  M^    _ 

<  B  S 

5 

^ 

f 

-t 

o 

_ 

c 

•2 

^  :S  "= 

Pll 

a:  - 

fa.    ;jl 

?! 

25    g 

2  e 
,,  e 

K    «  „ 
Ik    to   0. 

—      "      CD 

f^  7^  5 

Ha  55 

•a 
?  6 

=!    -S 

K    ^ 

?5s: 

=    0  0, 

>> 

if 

J2  5 

X 

B     O 
=     g 

£  E 

^  s 

2 

J2  ^ 
>> 

s 

o 

p 

< 
en 

o 

2 

Q 

W 
en 

j3 

o 

CO 

X 

3 

^ 

480 


Rail 


Cycles  for 

Failure  of 

50,000  lb. 

Wheel  Load 

1 

1 

I 

T 

t^ 

r- 

O 
O 

o 
o 

o 

o 

o 

o 

o 
o 

877,600 

J 

S 
o 

z  :§ 

■S  o  2£^ 

c  .5  .S  e^ 

W         IN 

si 

if  I 

BLE  1 
linucd) 
S  AND  ROI 
ober  1,   196 

TA 

(Con 

PROPER  TIE 

Center.   (Oct 

<  o  3 

7 

;T 

? 

11 

c 

15 

•a 

1  -  i 
■s  - 1 

a  ^  g 

^  - 

-   •§ 

=  31 
Plli 

-J- 

a:  £ 

E  ^ 
fc.   ~ 

2  g 
^   £ 

pal 

1 

CO 

c    c 
K    £ 

t.  E 
=  S 

E  ^ 

"*"    .^      M 
^]     D.    O 

pa  £ 

=  s 

E  _g 

(i  - 
=  .3-  J 

It  a  i 

c   c 

ii 

=  s 
=  - 

.D    -    :^ 
^   3.   0 

pas: 

c  55 
o 

1^ 

CO 

J 

2 

z 

o 

D. 

or 
1 

E 
1 

^ 

H 

3 

> 

Rail 


481 


Cycles  lor 
Failui-e  of 
.'.0.000  lb. 
Wheel  Load 

2? 

3 

■x 

c 

!- 

" 

-I- 

'?i 

Endur- 
ance 

Limit 
psi 

||l'fi 

Charpv 
No 
Notch 

fS        <  " 

it 

S    5    .=  £.^ 

Tensile 

Strength 

psi 

-r    3^  S    r 
5:  ^) 

ri  .E    "5 

<  c  :5 

£ 

^ 

1 

^ 

i; 

•^ 

s 

3   £ 
c-    a  o 

o    ?■   .= 

2  c  fi: 

ill 

^ 

K    _£■    r. 

2  d  £ 

-    a  o 

2  ae 

2d  £ 

c  «5 

g     . 
O 

'f   6 

5 
n 

72 

■^■ 

< 

X 

< 

< 

482 


Rail 


m 

H 

CO 

Ol 

H 

tH 

O 

^ 

w 


«     3    <  <D 

S^    -S    tfi  .g 

^  S  w  5 

o  B 

K  c 

0  *^ 

1  < 


Cycles  for 
Failure  of 
50,000  lb. 
Wheel  Load 

o 
o 

o 
o 
-r 

o 
o 

o 
o 

en 

o 
o 

to 

o 

o 

to' 

o 
o 

CO 
oo 

o 
o 
en 

CM 

Endur- 
ance 
Limit 
psi 

1 
> 

6 

o 
^  Z 

K         < 

g  £  .S  ge 

Tensile 

Strength 

psi 

Yield 

Strength 

.2%  Offset 

psi 

Avg. 
Brin. 
Hard. 

if 
in 

IM 

eg 

CM 

CO 

o 

CO 
CO 

o 

CM 

CO 

1 

CO 

CO 
CM 

'o 
-a 
c 

s 

d 

0) 

2    a 

"  s 

o    S 

^     CD 

CO   a  o 

O 

—    o 
«    g 
K   p, 

-a 
n    c 

2  3 

O 

^  s 

Si 

Lu    CO 
—    o 

-a 
CO    d 

2  3 

00     c 

\    o 

CO    g   0, 
o    g  w 

:::  5   o 

CO     D-    O 

oo    C 
CO    g  a 
o     g    "^ 

to    a  o 

2  fl  »- 

2  c 

^   o 

■n  g  a 

o     g    "> 

-  £  ^ 

.^      CO 
£    ^     0) 

CD    Q.   o 

3S^ 

^  2 
o  E  <" 

CO    o-    o 

2S& 

2    c 

CO     g    P, 
o     g    "2 

""  s - 

~  5  c2 

CO      O.     O 

.2  > 

>> 

< 
S  ^ 

6 
o 

CO 

< 

CO 

< 

< 

pq 

O 

in 

CO 

Q 

CO 

Rail 


483 


w.  2 


2    0 


o  % 

a  -' 

w  i  <  s 

i-J  .5  en  .Q 

«  S  w  2 

H  O  ^  C 

W  - 

&.  - 

c  i: 

K  c 

^O 

<-g 

o  ^ 

5  o 

<  2 


f-    •-   o   "^ 

_->     3    O    — 

^■(2  =  1 

O 

cS 

ov' 

i: 

'^ 

c^ 

0 

Endur- 
ance 
Limit 
psi 

_3 
> 

a 
cu 

6 

:2'| 

*l 

rl- 

Elong. 

in 
2  in. 

7, 

Tensile 

Strength 

psi 

<  a  S 

■^ 

■^ 

! 

-r 

CO 

-t 

^ 

CO 

c 

c 

i2 

-a 
c 
a 

31. 

o   S  ^ 

—  -S  £ 

«^  s 

Soft 

-1     c 
o     g    "^ 

—  •50 

—  -5   0 

2  (S  (x 

en 

H 

p 

K 

"go, 

0    g  "5 

'^  ^  r 

r=  5  a 

—  •£    0 
^   a  0 

2   Q   fi 

2  c 
c^  g  a 
0  g  "2 

a  eS    0 
<n    a  0 

B  § 
a:  g  Oh 

U.   g  en 

«i  .   ■" 

K|    3 

0    C 
*^     0 

a:  g  &< 

U.    g  en 

2II 

2  '^ 

E   S  &< 
U.    g  en 

=  ^| 
fc,   *'  •— 

< 

1 

u 

en 

en 

en 

S 
en 

z 

en 

0 

70 

a 

^ 

Of 

en 

« 

en 

Bul.    (iU5 


484 


Rail 


G  en 
K  '-I 


21"  2 

<     O    (-•     o 

H  O  H  o 


<    o 

h5 


Cycles  for 
Failure  of 

50,000  lb. 

Wheel  Li  ad 

o 

o 

o 

o 

o 

o 

o 

O 

o 

441,600 

Endur- 
ance 
Limit 
psi 

3 
> 

a 
u 

cS 

6 

>>    0) 

^1 

J3 
O 

^1 

|o|^^ 

^   ^     £3  ^ 

o  —  •-  e= 

Tensile 

Strength 

psi 

Yield 

Strength 

.2%  Offset 

psi 

Avg. 
Brin. 
Hard. 

n 
o 

i^ 

1 

o 

2 

o    c 

4-.     o 

=  ^■52 

-M    a-  = 

o     g    "^ 

-f 

o    c 
•"    o 
K    g  ft 

«^  s 

&H       ^^       •- 

it  2 
2  o  a 

2  g 

K    g  a 
fc    g  M 

«    ,,   *^ 
«£  S 

£  £  S 

rNi    a  0 

2  ^ 

CO     g    P, 

o    g  "5 
K  K  J= 

K  £•  12 

^  ^    o 

2  o  &- 

m   > 

to 

>. 

i 

s  ^ 

1^ 

> 

in 
1 

^    -a 
"  a;  h 


Rail  485 


Hardness  Ce 
of  Head 


lillS S-13-1'  5-13-Au   S-U-AK   S-13-,V\   S-14-B   S-15-D  S-L5-K   S-L5-B   S-15-L  ~SMTT' 


Depth   1/16 

322 

297 

332 

322 

322 

372 

362 

3  32 

352 

332 

322 

1/8 

297 

297 

322 

313 

313 

352 

342 

322 

342 

332 

313 

3/16 

297 

283 

290 

290 

305 

352 

276 

290 

322 

313 

297 

1/4 

283 

276 

240 

255 

290 

342 

260 

260 

305 

290 

5/16 

27U 

270 

245 

250 

265 

322 

255 

250 

265 

283 

245 

5/8 

250 

255 

245 

245 

283 

255 

250 

283 

245 

240 

245 

245 

250 

250 

250 

270 

245 

9/lb 

243 

230 

250 

250 

260 

250 

225 

250 

245 

240 

250 

235 

3/4 
13/16 

7/8 
15/16 

250 
255 
255 
250 
250 

Hardness  Side 

of  Head 

1/16  322  313  332      342      342 

1/8  332  342  322      332      342 

3/16  322  332  283      305      322 

1/4  313  332  290      283      313 

5/16  305  322  250      260      290 

3/8  297  313  250      250      255 

7/16  290  305  250      250 

1/2  265  276  245      245 

9/16  245  245  250 

5/8  245  240  245 

11/16  240 
3/4 

13/16 
7/8 

15/16 


342 

372 

342 

332 

313 

313 

362 

372 

332 

322 

322 

297 

352 

297 

313 

313 

322 

305 

352 

260 

290 

313 

313 

297 

342 

260 

270 

313 

305 

283 

322 

260 

253 

297 

297 

260 

322 

255 

265 

290 

250 

305 

2  50 

245 

290 

255 

283 

255 

250 

283 

265 

245 

270 

250 

250 

255 

230 

245 

215 

240 

240 

255 

245 

255 
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Fig.  1 — Side  view  of  a  132-lb  HF  welded  and  then  flame-hardened  rail  sub- 
mitted by  the  Southern  Pacific  Company.  Shelly  crack  developed  after  being 
subjected  to  389,800  cycles  in  the  cradle-type  rolling-load  machine. 


Fig.  2 — Side  view  of  a  132-Ib  HF  flame-hardened  and  then  welded  rail  sub- 
mitted by  the  Southern  Pacific  Company.  Shelly  crack  developed  after  being 
subjected  to   656,900  cycles  in  the  cradle-type  rolling-load  machine. 
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Brine.ll    H».rJne.^  WumAer 


Fig.  3 — View  of  132-lb  HF  rail,  flame  hardened  b>  the  Hamnion  process  for 
the  Southern  Pacific  Compan> .  This  section,  cut  from  the  end  of  specimen  S-13-S, 
was  etched  with  a  10  percent  nital  solution  and  found  to  have  a  hardened  area  of 
Va  in  depth.  Hardness  checks,  taken  at  1/16-in  intervals,  are  shown  in  the  above 
photograph.  This  specimen  developed  a  shell  after  being  subjected  to  584,500  cycles 
in   the   cradle-type   rolling-load   machine. 
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Report  on   Assignment  9 
Standardization  of  Rail  Sections 

}.  B.  Clark  (chairman,  sulKommittee),  T.  B.  Hutcheson,  C.  E.  Weller,  C.  E. 
Morgan,  R.  C.  Postels,  S.  H.  Barlow,  A.  N.  Brauer,  B.  Bristow,  R.  D. 
Claborn,  M.  W.  Clark,  C.  ].  Code,  O.  E.  Fort,  C.  E.  R.  Haight,  C.  ]. 
Henry,  C.  C.  Herrick,  B.  R.  Meyers,  C.  L.  P.  Plow,  J.  M.  Rankin,  D.  H. 
Shoemaker,  H.  F.  Smith,  E.  H.  Waring. 

During  the  past  year  Subcommittee  9  has  secured  information  from  rail  mills 
as  to  the  rail  sections  rolled  during  the  calendar  year  of  1965  by  Canadian  and 
United  States  mills,  and  a  tabulation  of  that  information  is  included  herewith. 

It  is  noted  that  503,924  tons,  or  67.111  percent  of  the  total  rail  rolled  in  1965 
was  in  the  sections  to  which  it  is  recommended  that  purchases  of  new  rail  be  limited. 

This   report  is   submitted  as   information. 


Rail   Rolled  by  Weight  and  Sections 


1.96.5 

Weight 

LT        J  .■,,», 

Tona  Rolled 

Percent  of  Total 

140* 

AREA 

36,528 

4.865 

136 

NYC 

21,080 

2.807 

136* 

AREA 

98,467 

13.114 

133 

AREA 

66,117 

8.805 

132* 

AREA 

110,960 

14.777 

131 

AREA 

1,285 

0.171 

130 

AREA 

2,462 

0.328 

130 

REHF 

5,172 

0.689 

122 

CB 

39,785 

5.299 

119* 

CF&I 

53,382 

7 .  109 

115* 

AREA 

174,206 

23.200 

112 

AREA 

863 

0.115 

106* 

CF&I 

400 

0.053 

105 

Dudley 

925 

0.123 

100 

ARA-B 

430 
41,604 
12,237 

0.057 

100 

ARA-A 

5.541 

100* 

AREA 

1.630 

100 

PS 

500 

0.067 

100 

ASCE 

440 

0.059 

100 

REHF 

48,046 

6 .  399 

90* 

ARA-A      

17,744 
235 

2 .  363 

90 

ASCE 

0.031 

85 

ASCE 

8,135 

1.083 

85 

CPR 

9,239 

1.230 

80 

ASCE 

Total : 

635 

0.085 

750,877 

100.000 

♦Sections  listed  on  page  4-M-2  of  the  AREA  Manual  as  tho.se  to  which  it  is  recommended  that  pur- 
chases of  new  rail  be  limited. 


Report  of  Committee   1 — Roadway  and  Ballast 


'L.  J.  Deno,  Chairman 
'C.  E.  Webb, 

Vice  Chairman 
'}.  S.  Felton,  Secretary 

'F.  N.  Beighley 
'M.  B.  Hansen 
'G.  W.  Becker 
'W.  M.   Dowdy 
'E.   E.   Farris 
'G.  F.  Nigh 
'M.  W.  Cox 
'S.  J.  Owens 
'R.   D.   Baldwin 
'E.  L.  Robinson,  Jr. 
°D.  H.  Yazell 


H 

C.  Archdeacon 

R.   J.  Kemper 

M 

L.  Atkins 

C.  F.  King 

C. 

W.   Bailey 

H.  W.  Legho  (E) 

H. 

E.   Bartlett 

A.   E.  Lewis 

E. 

W.   Bauman 

P.   G.   Martin 

C. 

W.  Bean 

W.    C.    McCORMICK 

R. 

H.   Beeder 

Paul  McKay   (E) 

C. 

R.  Bergman 

H.  E.  Moore 

D. 

L.  Bloem 

W.  G.  Murphy 

R. 

J.  Bruce 

].  E.  Newby 

S. 

F.  Burmeister 

F.  S.  Patton 

D. 

H.  Cook 

F.  L.  Peckover 

I. 

P.  Cook 

R.  H.  Peterson 

T. 

W.  Creichton 

S.  R.  Pettit 

B. 

H.   Crosland    (E) 

L.  G.  Reichert 

A. 

P.  Crosley   (E) 

H.  E.   Richards 

H. 

F.  Davenport 

N.  B.  Roberts 

G. 

W.  Deblin 

G.  E.  Shaw 

G. 

E.  Ellis 

W.  M.  Snow 

W 

P.     ESHBAUGH 

W.    j.   Sponseller 

E. 

M.   Ewbank 

T.  S.  Stone 

f. 

B.  Farris 

S.  W.  Sweet 

G. 

C.   Fenton 

|.   P.  Taylor 

I. 

A.     GOFORTH 

H.  L.  Van  Horn 

1. 

E.  Gray 

M.  Van  Kuiken 

c;. 

B.   Harris 

S.  S.  Vinton 

T. 

].  Hernandez 

M.     E.    VOSSELLER 

F. 

W.    HiLLMAN    (E) 

J.  B.  Wackenhut 

B. 

G.  Hudson 

A.  }.  Wegmann 

H. 

O.  Ireland 

R.  D.  White 

H. 

G.     JOHNSON 

N.  E.  Whitney,  ]r. 

E. 

C.     JORDAN 

E.  L.  Woods 

Committee 

(E)  Member  Emeritus. 

Those  whose  names  are  shown  in  l)(>klfacc,  in  addition  to  the  chairman,  vice  chairman 
and  secretary,  are  the  subcommittee  chairmen,  and  those  designated  by  asterisks  constitute  the 
Engineering    Division,    AAR,    Committee    1. 

To   the   American   Ruilwuij   En^itwerin^  Association: 

Your   committt'e  reports  on   the  followin^r  subjects; 

1 .  Re\  ision   of   Manual. 

Brief   proj^ress   statement    recommendintf   adoption   of   the   revision    to 

the  Manual  set  forth  in  the  Reports  on  A.ssignments  4  and  II    pa,<,'e  491 

2.  Plnsieal  properties  of  earth   materials. 

(a)  Roadbed.    Load   capacity.    Relation   to   ballast.   Allowable   pressures. 
Progress   report,   submitted  as  information    page  491 

(b)  Structural  foundation  beds,  collaborating  with  Committees  6  and 
18. 

No  report. 
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3.  Natural    \\ater\\a\s:    pre\ention   of   erosion. 
No  report. 

4.  Drainage  and  cuKerts. 

Manual   recommendations   submitted  for   adoption    page  501 

(a)   Performance  of  filter  materials  in  subdrains. 

No  report. 
(  b )   New  type  of  drainage  pipes. 

Study  in  progress,  but  no  report. 

5.  Specifications    for    pipelines    for    conveying    flammable    and    non- 
flammable substances,  collaborating  with  Committees   15  and  20. 

Progress  report,   submitted  as  information    page  501 

6.  Roadway:   formation  and  protection. 

(a)  Roadbed  stabilization. 

Progress   report   on   use   of   portable   seismic   equipment  for   sub- 
surface exploration,  submitted  as  information    page  502 

(b)  Slope  protection. 
No  report. 

( c )  Special  treatments  for  subgrade  improvement. 

Progress    report   on    salt   stabilization    of   subgrade,    submitted    as 
information     page  504 

( d )  Hydraulic  fills,   collaborating  with  Committee  25. 
No  report. 

7.  Tunnels. 

( a )  Ventilation. 
No  report. 

( b )  Methods    used    to    increase    clearance,    collaborating    with    Com- 
mittee 28. 

No  report. 

( c )  Methods  of  open  cutting. 
No  report. 

8.  Fences. 
No  report. 

9.  Roadway  Signs. 

( a )    Reflectorized    and    linninous    roadway    signs,    collaborating    with 
Committees  5  and  9,  and  with  Communications  and  Signal  Sec- 
tion, AAR. 
No  report. 

10.  Ballast. 

( a )  Tests. 

Progress  report,   submitted  as  information    page  505 

(b)  Special  types  of  ballast. 

Final    report    on    asphalt-treated    ballast,    submitted    as    informa- 
tion          page  506 
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11.   Control   of   vegetation,    collahorating   with   Communitation    and    Signal 
Section,  AAR. 

Report  on  \egetation  control  seminar  lied  in  CHncago,  Xovcnihcr  1-2, 

1966,  snbmitted  as  information    page  514 

Mannal  recommendations,  snbmitted   for  adoption    page  514 

The  Committek  on   Roadway   and  Ballast, 

L.  J.   Deno,  Chairman. 


AREA    Bulletin    605.    February    1967 


Report  on   Assignment   1 
Revision   of   Manual 

F.   N.   Beujhley    (chairman,   snbcommittee),   R.   D.   Baldwin,   M.   W.   Cox,   W.   M. 
Dowdy,  E.  E.  Farris,  M.  B.  Hansen,  G.  F.  Nigh,  S.  }.  Owens,  E.  L.  Robin- 
son, S.  W.  Sweet,  D.  H.  Yazell. 

Your   committee   recommends   the   adoption   of   re\'isions   to   the   Mannal   as   set 
forth   in    the   reports   on   Assignments   4   and    11. 


Report   on   Assignment  2 

Physical  Properties  of  Earth  Materials 

(a)  Roadbed.  Load  Capacity.  Relation  to  Ballast.  Allowable  Pressures 

(b)  Structural   Foundation  Beds 

M.  B.  Hansen  (chairman,  subcommittee),  H.  F.  Davenport,  W.  P.  Eshbaugh, 
J.  B.  Farris,  H.  W.  Legro,  R.  W.  Orr,  F.  L.  Peckover,  S.  W.  Sweet,  J.  B. 
Wackenhut. 

Under  Assignment  2  (a)  your  committee  is  studying  the  design  of  track  with 
relation  to  different  liallast  and  subgrade  conditions,  and  has  arranged  the  com- 
pilation of  an  annotated  bibliography  on  the  subject.  The  bibliography  was  pre- 
pared by  Dr.  L.  D.  Baikie,  .soils  research  supervisor  on  the  staff  of  the  Re.search 
and   Development   Department  of  Canadian   National   Railways. 

A  number  of  sources  were  consulted  in  its  preparation,   including: 
Railway  Engineering  Abstracts, 

Monthlv  Re\iew  of  Technical  Literature  of  British  Railwa\s, 
Railway  Research  Engineering  Index,  and 
Bureau  de  Docimientation  des  Chemin  de  Far. 

The  bibliography  items  are  given  in  chronological  order.  Authors'  synopses 
are  used  in  many  instances. 
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Bibliography   on    Load   Distribution   and   Stresses   in    Railway   Subgrades 

and   Ballast,  Track  Modulus,  Design  of  Track  with   Respecj  to 

Different  Ballast  and  Subgrade   Conditions 

1.  "First    Progress    Report,"    Special    Committee    on    Stresses    in    Railroad    Track, 
AREA  Proceedings,  Vol.   19,  1918,  pp.  873-1062. 

Contains  an  analytical  treatment  of  the  action  of  track  as  an  elastic  struc- 
ture on  the  assumption  of  a  continuous  elastic  support  under  the  rail.  The  equa- 
tions for  rail  depression  and  bending  moment  in  rail  at  sections  directly  under 
a  wheel  are  given  in  terms  of  load,  moment  of  inertia  of  rail  section,  and  track 
modulus.  The  effect  of  a  number  of  wheel  loads  is  taken  into  consideration  by 
a  method  of  superposition.  The  development  of  measuring  apparatus  is  given 
in  detail.  The  results  of  tests  on  track  depression  made  to  find  the  effect  of 
loads,  wheel  spacing,  size  of  rail,  ballast  conditions,  and  other  variables  are 
given.   Rail   stress   measurements  are  also  reported. 

2.  "Second  Progress  Report,"  Special  Committee  on  Stresses  in  Railroad  Track, 
AREA  Proceedings,  Vol.  21,  1920,  pp.  645-814. 

Deals  with  (i)  the  effect  of  speed  and  counterbalance  on  stresses  in  rail, 
(ii)  depression,  flexure  and  distribution  of  the  bearing  pressure  of  cross  ties, 
and  ( iii )  transmission  of  pressure  in  Ijallast.  In  the  second  section  the  track 
depression  curves  reported  are  used  to  determine  the  tie  reactions  caused  by 
wheel  loads  and  values  of  the  track  modulus.  The  transmission  of  pressure  in 
ballast  is  attacked  by  ]x)th  the  analytical  and  laboratory  method.  The  stress 
distribution  in  the  ballast  is  presented  in  graphic  form. 

3.  "Third  Progress  Report,"  Special  Committee  on  Stresses  in  Railroad  Track, 
AREA  Proceedings,  Vol.  24,  1923,  pp.  297-453. 

Gives  the  results  of  tests  made  on  four  railroads  with  several  types  of 
locomotive  on  both  straight  and  curved  track.  Track  depressions  are  reported 
and  the  resulting  modulus  of  elasticity  of  rail  support  is  included  for  a  number 
of  te^ts. 

4.  "Sleeper  Spacing  and  Its  Effect  on  the  Maximum  Permissible  Axle  Load,"  by 
A.  F.  Harvey,  Technical  Paper  No.  244,  Government  of  India  Railway  Depart- 
ment, Central  Publication  Branch,  Calcutta,   1925,   15  pp. 

Discusses,  on  the  basis  of  the  continuous  elastic  support  theory,  the  effect  of 
sleeper  spacing  on  the  axle  loads.  On  the  basis  of  this  discussion,  the  author 
gives  recommendations  concerning  the  minimum  number  of  ties  per  rail  length. 

5.  "Fifth  Progress  Report,"  Special  Committee  on  Stresses  in  Railroad  Track, 
AREA  Proceedings,  Vol.  31,  1930,  pp.  69-336. 

Includes  rail  depression  measurements  carried  out  on  a  number  of  railroads 
and  the  evaluation  of  the  modulus  of  elasticity  of  rail  support. 

6.  "Stresses  in  Railroad  Track,"  by  S.  Timoshenko  and  B.  F.  Langer,  ASME 
Transactions,  Vol.  54,  1932,  pp.  277-293. 

In  a  study  principally  in  connection  with  the  tracking  characteristics  of 
electric  locomotives,  there  has  been  developed  a  method  for  experimental  de- 
termination of  vertical  and  lateral  forces  produced  on  the  rails  by  a  moving 
locomotive.   The  authors  briefly  discuss  the  theory  used  as  a  guide  in  this  ex- 
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periinental   research   work,   and   descrihc    some   recent   experiments   in    tlie  laliora- 
tory  and  in  the  field. 

7.  "Sixth  Projrress  Report,"  Speeial  Committee  on  Stresses  in  Railroad  Traek, 
AREA  Pmacdiii^s,  Vo].  35,  1934,  pp.  (■)9-308  (Also  disenssion  pp.  1148- 
1155). 

Includes  track  depression  measurements  made  on  the  Chesapeake  ^  Ohio 
and  Missouri  Pacific  Railroads.  Values  of  the  modulus  of  elasticity  of  rail  sup- 
port are  presented,  to<fether  witli  a  detailed  outline  of  tlie  method  of  determin- 
ing the  modulus  of  elasticit\    of  rail  support. 

8.  "Discussion  on  Ballast,"  AREA  Proceedings,  Vol.  35,  1934,  pp.  1110-1117 
(Also   Report  of  Committee  II — Ballast,  p.  663). 

Deals  with  the  proper  thickness  of  ballast  recpnred  over  different  sub- 
grades. 

9.  "Primary  Stresses  in  RaiK\ay  Tracks,"  by  W.  E.  Gelson,  Technical  Paper  No. 
305,  Government  of  India  Railway  Department,  East  Indian  Railway  Press, 
Calcutta,   1938,   10  pp. 

Deals  with  the  stresses  and  reactions  produced  by  vertical  components  of 
the  wheel  loads.  The  continuous  elastic  support -theory  is  used  for  calculating 
rail  bending  moments,  depressions,  and  sleeper  pressures.  The  effect  of  speed 
on  depressions  and  stresses  is  considered,  as  well  as  the  dynamic  effects  due  to 
rail  joints. 

10.  "Tests   of  Trucks   for   High-Speed   Freight  Service,"   AAR   Mechanical   Research 
Department,  Report  MR-81,   1940. 

Includes  a  section  dealing  with  the  determination  of  the  track  modulus. 
The  procedure  used  is  also  outlined. 

11.  "Seventh    Progress    Report,"    Special    Committee    on   Stres.ses    in    Railroad    Track, 
AREA  Proceedings,  Vol.  42,   1941,  pp.  M139-M246. 

Stresses  in  rail  and  depression  of  track  are  dealt  with.  The  effect  of  speed 
on  track  depression  is  also  included.  The  track  modulus  is  given  for  the  track 
sections  on  which   tests  were  conducted. 

12.  "Beams  on   Elastic  Foundations,"  by  M.   Hetenyi,  University  of  Michigan  Press, 
Ann  Arbor,   1946. 

Presents  a  comprehensive  treatment  of  the  subject.  Beams  of  infinite  and 
finite  length  are  considered  and  equations  for  the  bending  moments  and  deflec- 
tions are  presented.  The  stability  of  beams  on  elastic  foundations  is  also  dis- 
cussed. 

13.  "Soil  Mechanics  in  Engineering  Practice,"  by  K.  Terzaghi  and  R.  B.  Peck,  John 
Wiley  and  Sons  Inc.,  N.Y.   1948. 

Among  the  subjects  discussed  are  bearing  capacity  and  settlement  of 
foundations,  drainage  problems  and  stability  of  slopes. 

14.  "Soil    Pressure    Cells,"    Report   of   Committee    1 — Roadway    and    Ballast,    AREA 
Proceedings,  Vol.  50,  1949,  pp.  651-656. 

Describes  a  test  installation  on  the  Chicago,  Burlington  &  Quincy  Railroad. 
A  description  of  the  pressure  cell  installation  is  given;  also  the  u.se  of  strain 
gauges  to  measure  actual  tie  loadings  is  outlined. 
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15.  "Report  of  the  Investigation  of  Roadbed  Stabilization,"  Report  of  Committee  1 
—Roadway  and  Ballast,  AREA  Proceedinfis,  Vol.  50,  1949,  pp.  657-683. 

Part  1  describes  field  studies  and  the  results  of  roadbed  stabilization  grout- 
ing. Part  II  deals  with  laboratory  studies  of  roadbed  stabilization  using  a  simu- 
lated roadbed. 

16.  "Track  Stabilization — A  Scientific  Approach,"  by  H.  W.  Protzeller,  Railway 
Eiigmeering  and  Maintenance,  Part  I,  April  1949,  pp.  374-377;  Part  II,  May 
1949,  pp.  474-477. 

Part  I  deals  essentially  with  track  and  roadbed  loadings  and  stresses.  Part 
II  proposes  the  use  of  sand  to  increase  the  weight  and  frictional  resistance  of 
stone  or  other  coarse  ballast,  and  the  injection  of  sand  into  the  roadbed  to 
overcome  excessive  moisture. 

17.  "Physical  Properties  of  Earth  Materials,"  Report  of  Committee  1 — Roadway 
and  Ballast,  AREA  Proceedings,  Vol.  51,  1950,  pp.  711-727. 

Part  I  presents  data  collected  from  the  tests  outlined  in  the  1949  report 
dealing  with  the  use  of  soil  pressure  cells  to  measure  pressures  in  the  subgrade, 
and  discusses  the  results  obtained.  Part  II  is  the  first  progress  report  of  the 
investigation  of  stability  of  compacted  embankments.  It  includes  results  of  test 
borings  and  laboratory  soil  tests  on  materials  from  fills  requiring  considerable 
maintenance. 

18.  "Roadbed  Stabilization,"  Report  of  Committee  1 — Roadway  and  Ballast,  AREA 
Proceedings,  Vol.  51,  1950,  pp.  727-755. 

Part  1  reports  the  investigation  of  roadbed  stabilization  by  grouting,  the 
fifth  progress  report  on  this  particular  project.  Part  II  gives  suggested  proce- 
dures for  roadbed  stabilization.  Part  III  reports  on  a  laboratory  investigation  of 
roadbed  stabilization,  the  second  progress  report  on  studies  of  factors  that 
cause  soft  spots  in  roadbeds. 

19.  "Third  Progress  Report  on  Soil  Pressure  Cells,"  Report  of  Committee  1 — Road- 
way and  Ballast,  AREA  Proceedings,  Vol.  52,  1951,  pp.  482-491. 

Includes  a  summary  of  data  collected  from  a  test  installation  on  the  New 
York  Central  System  near  Trenton,  Mich.  The  test  installation  included  12  pres- 
sure cells  placed  4  ft  below  the  bottom  of  the  ties  over  a  16-ft  section. 

20.  "Roadbed  Stabilization,"  Report  of  Committee  1 — Roadway  and  Ballast,  AREA 
Proceedings,  Vol.  52,  1951,  pp.  494-504. 

Includes  sixth  progress  report  of  the  investigation  of  roadbed  stabilization, 
third  progress  report  of  a  laboratory  investigation  of  roadbed  stabilization  and 
first  progress  report  on  investigation  of  stability  and  methods  of  strengthening 
existing  fills. 

21.  "Fourth  Progress  Report  on  Soil  Pressure  Cells,"  Report  of  Committee  1 — 
Roadway  and  Ballast,   AREA  Proceedings,  Vol.  53,   1952,  pp.  700-712. 

A  further  analysis  and  discussion  of  data  collected  on  an  installation  on 
the  New  York  Central.  The  report  concludes  that  the  elastic  theory  may  be 
used  satisfactorily  in  computing  vertical  stresses. 

22.  "Fourth  Progress  Report  of  a  Laboratory  Investigation  of  Roadbed  Stabiliza- 
tion," Report  of  Committee  1 — Roadway  and  Ballast,  AREA  Proceedings,  Vol. 
53,  1952,  pp.  746-750. 
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Further  tests  are  reported  on  the  lahoratorx-  iinestigation  dealint;  with  the 
behavior  of  a  simulated   roadbed. 

23.  "Fifth  Progress  Report  on  Soil  Pressure  Cells,"  Report  of  Committee  1 — Road- 
way and  Ballast,  AREA  Proceedings,  Xo\.  54,  1953,  pp.  1094-1108. 

Comparison  of  additional  data  eollected  from  the  New  York  Central  test 
installation,  with  previous  data. 

24.  "Railroad  Engineering,"  1)\-  Dr.  W.  W.  Ha\ ,  John  Wiley  and  Sons,  Inc.,  New 
York,  \'ol.  1,  1953. 

Chapters  22,  23  and  26  deal  witli  different  types  of  ballast,  pressure  dis- 
tribution in  ballast  sections,  distribution  of  pressure  under  ties  and  a  sunnnarv 
of  the  theor\-  of  a  beam  on  a  continuous  elastic  foundation. 

25.  "Rails  on  Elastic  Foundations  >mder  the  Influence  of  High-Speed  Travelling 
Loads,"  by  H.  E.  Criner  and  C  D.  McCann,  Journal  of  Applied  Mechanics, 
ASME,  March  1953,  pp.  13-22. 

Presents  an  electric-analog-computer  technique  for  the  analysis  of  beams 
on  elastic  foundations  that  are  subjected  to  travelling  loads.  A  general  set  of 
dimensionless  solutions  is  presented  for  tlie  specific  case  of  a  point  load  of  con- 
stant magnitude  and  \elocit>-  travelling  o\er  an  infinite  uniform  linear  track 
beam. 

26.  "Sixth  Progress  Report  on  Soil  Pressure  Cells,"  Report  of  Committee  1 — Road- 
way and  Ballast,  AREA  Proceedings,  Vol.  55,  1954,  pp.  610-615. 

Final  report  on  the  measurement  of  subgrade  soil  pressures  on  the  New 
York  Central  near  Trenton,  Mich.  Analysis  of  the  data  collected  indicates  that 
the  impact  effects  of  dynamic  runs  increase  the  recorded  static  soil  pressures  by 
approximately  50  percent  for  diesel  locomotives. 

27.  "Evaluation  of  CoeflBcients  of  Subgrade  Reaction,"  b\'  Karl  Terzaghi,  Geotech- 
nique,  Vol.  5,  London,  U.K.,  1955,  p.  297. 

The  theories  of  vertical  and  horizontal  subgrade  reaction  are  based  on  the 
assumptions  that  the  subgrade  obeys  Hooke's  Law,  and  that  the  subgrade  reac- 
tion on  the  base  of  a  rigid,  centrall)'  loaded  plate  resting  on  the  subgrade  has 
the  same  value  at  every  point  of  the  base.  The  theories  of  subgrade  reaction 
can  be  used  for  obtaining  approximate  solutions  of  many  practical  problems.  In 
order  to  get  reasonably  accurate  results,  the  coefficients  of  subgrade  reaction 
must  be  assigned  \alues  compatible  with  the  deformation  characteristics  of  die 
subgrade  and  the  dimensions  of  the  loaded  area.  The  factors  which  determine 
the  value  of  the  coefficients  of  both  vertical  and  horizontal  subgrade  reaction 
of  cohesionless  sand  and  stiff  clay  are  discussed. 

28.  "Soil  Mechanics  in  Railway  Civil  Engineering,"  by  A.  H.  Toms,  Engineering, 
Vol.  180,  No.  4677,  London,  U.K.,  1955,  pp.  384-388. 

Describes  some  of  the  applications  of  soil  mechanics  to  the  problems  which 
have  arisen  in  the  author's  e.xperience  on  the  Southern  Railway.  A  large  section 
of  the  paper  deals  with  landslips,  both  in  cuttings  and  embankments,  and  the 
measures  taken  to  diagnose  the  cause  of  the  movements  and  the  methods  de- 
\ised  for  stabilizing  the  slopes.  The  problem  of  unstable  roadbeds  has  been 
tackled  and  examples  are  given  of  plastic  failure  due  to  over-stressing. 
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29.  "Soil  Engineering  in  Railroad  Construction,"  Report  of  Conniiittee  1 — Roadway 
and  Ballast,  AREA  Proceedings,  Vol.  56,  1955,  pp.  694-706. 

A  discussion  of  the  construction  features  involved  in  three  projects  of 
varied  type^. 

30.  "Relocation  of  Railroad  Embankment,  O'Hare  Field,  Chicago,"  by  R.  B.  Peck, 
AREA  Proceedings,  Vol.  57,  1956,  pp.  649-657. 

Includes  discussion  of  soil  conditions  encountered,  and  method  of  con- 
struction used.  Sand  drains  and  a  surcharge  were  used  to  stabilize  a  deposit  of 
peat. 

31.  "Simplified  Three-Moment  Solution  for  Bending  of  Rails,"  by  C.  Storey,  Inter- 
national Railway  Congress  Association  Bulletin,  Vol.  34,  No.  4,  Bruxelles,  Bel- 
gium, 1957,  pp.  289-296. 

The  three-moment  solution  of  the  problem  of  an  infinitely  long  rail  on 
equally  spaced  spring  point  supports  is  presented  in  a  simplified  form.  After 
determining  a  number  of  parameters  which  depend  on  the  track  constants,  it 
only  remains  to  solve  at  most  two  pairs  of  simple  simultaneous  equations,  in- 
stead of  four  simultaneous  equations  with  complex  coefficients  as  in  hitherto 
accepted  methods.  Some  practical  applications  of  the  theory  are  given. 

32.  "Track  Loading  Fundamentals,"  by  C.  W.  Clarke,  Railway  Gazette,  Vol.  106, 
London,  U.K.,  1957,  Part  1— No.  2,  pp.  45-48;  Part  3— No.  6,  pp.  157-161. 

Part  1  deals  with  track  and  wheel  loading  and  presents  a  review  of  the 
continuous  elastic  support  theory.  Part  3  is  concerned  with  the  determination 
of  the  ballast  depth.  The  bearing  capacity  of  sleepers  and  the  pressure  distri- 
bution beneath  the  sleepers  is  discussed. 

33.  "Soil  Pressure  Cells,"  Report  of  Committee  1 — Roadway  and  Ballast,  AREA 
Proceedings,  Vol.  59,  1958,  pp.  799-806. 

Describes  the  use  of  soil  pressure  cells  for  measurement  of  static  soil  pres- 
sures under  high  embankments.  The  cells  were  installed  on  a  reinforced  con- 
crete culvert.  A  discussion  of  results  are  presented. 

34.  "Mud-Pumping  and  Settlement  of  Roadbed,"  by  T.  Nishiki  and  T.  Muromachi, 
Permanent  Way,  No.  1,  Tokyo,  Japan,  1958,  pp.  16-28. 

Properties  of  roadbed  soils  liable  to  mud-pumping  are  given,  along  with 
directions  for  determining  causes  of  roadbed  settlements  and  their  remedies. 

35.  "Calculation  of  Stresses  in  Rails  Due  to  Static  Vertical  Loads,"  by  C.  Storey, 
Engineering,  Vol.  185,  No.  4800,  London,  U.K.,  1958,  pp.  311-312. 

A  survey  of  the  literature  on  the  calculation  of  the  deflections  and  bending 
moments  in  rails  shows  a  broad  division  between  solutions  involving  a  continu- 
ous elastic  support  and  solutions  involving  equally  spaced  elastic  point  supports. 
This  article  is  concerned  with  briefly  reviewing  these  various  methods  and 
comparing  their  merits. 

36.  "Soil  Engineering  Problems  on  the  Quebec  North  Shore  &  Labrador  Railway," 
by  K.  B.  Woods,  R.  W.  J.  Pryer,  and  W.  J.  Eden,  AREA  Proceedings,  Vol.  60, 
1959,  pp.  669-688. 

Difficulties  that  were  caused  by  soil  and  climatic  conditions  are  described, 
along  with  some  of  the  remedial  measures  taken.  Construction  problems  were 
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mainly   caused   bv   loose,   saturated  soils   with   \'ery   poor   natural   drainage,   and 
fre(iuent  rainfall  in  the  summer  months. 

37.  "Modified   Blanketing,"  hy   D.   L.   Bartlett,   Railway   Gazette,  Vol.    110,   No.    IS, 
London,  U.K.,  1959,  pp.  '.506-508. 

The  two  main  t\pes  of  failure  of  soil  formation  beneath  railway  tracks  are 
classified  as  ( i )  pumping,  and  ( ii )  strength.  Pumping  failure  is  further  divided 
into  (i)  ballast  or  local  failure,  and  (ii)  erosion  failure.  Strength  failure  is  a 
shear-strengtli  failure  due  to  over-.stressing  of  weaker  materials,  and  can  be 
cured  by  increasing  the  strength  of  the  formation  or  decreasing  the  stress  on  it. 
Ballast  cleaning  or  re-liallasting  is  the  accepted  method  for  ballast  failure.  Re- 
garding erosion  failure,  it  is  noted  that  no  failure  occurs  until  the  subsoil 
reaches  the  sleeper,  and  the  "modified  blanketing"  system  described  by  the 
author  does  not  require  the  complete  absence  of  slurry  in  the  ballast.  It  con- 
sists of  placing  between  the  subsoil  and  the  sleepers  a  granular  layer  to  pre- 
vent the  passage  of  the  subsoil. 

38.  "The  Loading  of  "Light  Railway  Tracks,"  by  James  Kesson,  Institution  of  Civil 
Engiueers,  Proceedings,  Vol.  17,  London,  U.K.,  1960,  pp.  369-388. 

Effects  of  increasing  the  size  and  axle  loads  of  locomotives  in  East  Africa, 
and  the  use  of  the  continuous  elastic-support  theory  for  the  assessment  of  safe 
loadings,  are  dealt  with.  Various  cases  of  known  damage  to  rails  are  described, 
and  then  follows  a  review  of  the  investigations  into  the  problem.  Results  raised 
concern  with  effects  likely  to  arise  with  the  operation  of  heavy  locom)tives. 
Rail  fractures  of  the  80-lb  B.S.S.  section  did  occur,  and  limited  investigations 
into  the  causes  were  made,  using  strain-gage  equipment. 

39.  "Methods  for  Checking  the  Ballast,"  by  H.  Nagel,  Eisenhahntechnische  Rund- 
schau, Vol.   10,  No.  7,  Darmstadt,  Germany,   1961,  pp.  309-319. 

The  Research  Department  of  the  German  Federal  Railways  has  developed 
certain  static  methods  which  permit  a  more  scientific  determination  of  a  num- 
ber of  important  criteria  for  finding  the  condition  of  ballast  not  adequately 
obtainable  with  a  testing  car.  They  include  rail  stress  measurements  made  liy 
means  of  strain  gages,  sleeper  loading  tests,  plate  load  bearing  tests  to  ascertain 
the  deformability  of  sul5.soil  or  ballast,  and  different  methods  for  determining 
the  resistance  of  the  rails  against  transverse  and  longitudinal  displacements. 

40.  "The  Foundation  of  the  Railway  Track,"  by  U.  Schlumpf,  Schweizerischc 
Bauzeitung,  Vol.  79,  No.  34,  Zurich,  Switzerland,  1961,  pp.  597-600. 

In  contrast  to  buildings  which  are  always  given  a  permanent  foundation, 
railway  track  is  traditionally  provided  with  a  loose  foundation  of  liallast  which 
calls  for  continual  and  rather  expensive  maintenance  work.  This  tradition  is 
probably  due  to  one-time  difficulties  of  track  level  adjustment.  But  such  diffi- 
culties can  now  be  overcome.  Such  inspiration  has  been  derived  from  road  con- 
struction methods  in  general,  and  from  the  use  of  bitumen  products  in 
particular. 

41.  "Permanent  Way  Technique  and  Permanent  Way  Economy,"  by  G.  Schramm, 
Otto  Eisner  Verlagsgesellschaft,  Darmstadt,  Germany,  1961,  translation  by 
H.  Lange. 
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The  prolilenis  of  permanent  way  construction  are  dealt  with  from  a  prac- 
tical viewpoint  in  the  li.qht  of  tlie  most  up-to-date  knowledge  and  experience 
available. 

42.  "Laboratory  Investigation  of  Railroad  Ballast,"  In  Ziro  Okabe,  Permanent  Way, 
No.  13,  Tokyo,  Japan,  1961,  pp.  1-19. 

Describes  "Vibrojir"  tests  on  sleepers  on  ]:)allast.  The  tests  confirm  that 
sleeper  settlement  is  mainly  affected  by  ballast  accelerations.  The  latter  can  be 
minimized  by  using  suitable  bottom  ballast  such  as  sand,  Init  coarse  slag  is  su- 
perior under  heavy  dynamic  loadings. 

43.  "A  Study  of  Subgrade  Pressure  of  Railroads,"  by  J.  Miyako,  Railway  Technical 
Research  Institute,  Tokyo,   Japan,  September,   1962,  pp.   28-33. 

Observations  of  subgrade  and  rail  pressure  under  traffic  loading. 

44.  "How  to  Choose  Proper  Surface  Soils  for  Roadbeds,"  by  Tatsuo  Nishiki,  Perma- 
nent Way,  No.  15,  Tokyo,  Japan,  June,  1962,  pp.  1-8. 

Concerned  with  the  soil  mechanics  of  railway  roadbed  materials.  It  deals 
with  properties  of  soils  that  influence  mud  pumping  and  sinking  and  suggests 
suitable  soil  properties  for  the  avoidance  of  maintenance  troubles. 

45.  "Reinforcing  the  Soil  of  the  Railroad  Bed,"  by  V.  C.  Bezruk  and  A.  N. 
Margot'ev,  Zheleznodorozhnyi  Transport,  U.S.S.R.,  June  1962,  pp.  57-59,  CNR 
Translation  No.  62-11. 

When  the  natural  subgrade  surface  of  a  soil  railway  bed  is  insufficiently 
strong  and  water-resistant,  the  bed  often  deforms,  creating  pockets  or  channels 
where  moisture  accumulates  and  may  lead  to  frost  heave.  Various  processes  for 
improving  the  mechanical  strength  and  water-resistance  of  the  soil  are  de- 
scribed and  trials  carried  out  by  the  Railroad  Research  Institute  are  discussed. 

46.  "An  Approximate  Solution  for  Finite  Beams  Resting  on  an  Elastic  Soil,"  by 
L.  Barden,  Civil  Engineering  and  Public  Works  Review,  Vol.  57,  No.  676, 
London,  U.K.,  1962,  pp.  1429-1432. 

Presents  a  quick  approximate  solution  to  the  elastic  half-space  model.  This 
model  is  more  valid  than  the  V^inkler  model  as  it  is  based  on  a  definite  physical 
property  of  the  soil,  E,,  rather  than  on  an  over-simplified  modulus  of  subgrade 
reaction  k. 

47.  "The  Profile  of  the  Ballast  Layer  Should  Be  Improved,"  by  S.  N.  Popov,  Ptitj 
Ptitev  Khozj,  U.S.S.R.,  May  1962,  pp.  26-31. 

Analyzes  ballast  prism  profiles  adapted  in  U.S.S.R.  and  abroad,  gives  test 
details  carried  out  by  the  Railway  Research  Institute  and  introduces  proposals 
based  on  experiments  and  practice.  These  proposals  consist  of  new  cross- 
sectional  profiles  of  the  ballast  prism,  technical  requirements  and  the  standard 
of  maintenance  of  the  ballast  layer  necessary  through  all  the  cross  section  of 
profile. 

48.  "Methods  for  Improvement  of  Track  Foundation,"  by  S.  H.  Rack,  Putj  Piitev 
Khozj,  U.S.S.R.,  August  1962,  pp.  24-25. 

The  necessity  of  introducing  more  eftective  methods  for  strengthening  of 
earth  layers  against  recurring  deformation  is  explained.  Some  methods  of  re- 
ducing deformations  dependent  on  the  category  of  soil,  its  quality,  freezing 
depth  and  also  from  the  line  operating  loading,  its  plan  and  profile  are  given. 
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49.  "Equipping  and  Maintainint^  the  Railroad  Bed,"  by  M.  N.  Goldstein,  Zelezn 
Transport.   U.S.S.R.,   Xovemher,   1962,   pp.  58-61,  CNR  Tran.slation   No.   63-45. 

The  .soil  below  tlie  track  i.s  often  the  limiting  factor  on  the  load  capacity  at 
maximum  transit  speed  on  a  given  line.  Despite  all  the  attention  gi\en  to  the 
problem,  no  satisfactory  solution  has  been  found.  The  contemporary  method 
based  on  the  "allowable"  pressure  does  not  correctly  titilize  the  actual  proper- 
ties of  the  soil.  The  method  of  limiting  state  should  be  applied  when  design- 
ing the  track  in  connection  with  the  soil-bed  and  the  ballast  thickness.  The 
paper  describes  the  method  of  limiting  state  design  and  gixes  particulars  of 
research   work  associated   with   the   concept. 

50.  "The  State  of  Subsoil  lnipro\ement  in  Railway  Construction,"  by  A.  Bethauser, 
Bundeshahn,   No.   22,   Darmstadt,   Germany,   No\ember   20,    196.3,  jip.   882-888. 

Discusses  improving  the  track  formation  by  applying  a  course  of  sand  and 
gravel  mi.xture,  improving  the  subsoil  by  earth  solidfication,  sealing  the  surface 
of  the  track  formation  in  the  case  of  a  rocky  foundation  affected  by  climatic 
action,  stabilizing  the  track  bed  bv  sand  drains,  checking  the  resulting  improve- 
ment in  the  subsoil   and  draining  the  track  bed. 

51.  "The  Importance  of  Permanent  Way  Elasticit>'  for  the  Riding  Stabilitv  of  Ve- 
hicles," b>'  F.  Birmann,  Leichthau  der  Verkehrsiahrzeuge .  \'ol.  7,  No.  4,  Ger- 
many,  1963,  pp.   12.3-127. 

Describes  experiments  which  measured  the  vertical  and  lateral  stiffness  of 
the  track  and  their  effects  on  the  riding  characteristics  of  selected  vehicles.  The 
tests  were  carried  out  at  sites  of  all  types  of  subsoil  conditions,  also  at  special 
locations  such  as  concrete  bridges  and  point-work.  The  conclusions  are  based  on 
results  obtained  over  several  vears;  and  thev  show  quite  clearly  that  many  of 
the  "hard"  spots  in  the  track  with  the  resultant  local  rough  riding  of  vehicles, 
could  be  easily  removed  b\  adequate  ballasting.  The  author  repeatedly  empha- 
sizes tlie  importance  of  considering  vehicle  riding  as  being  a  function  of  vehicle 
and  track  design. 

52.  "A  Contribution  towards  Ballast  Mechanics,"  by  K.  Klugar,  Eisenhahntechnischc 
Rundschau,  Vol.  12,  No.  8,  Darmstadt,  Germany,  1963,  pp.  363-368. 

A  shearing  apparatus  is  used,  charged  with  ballast  samples,  representing 
in  model  form  the  area  between  the  sleeper  and  the  formation  imderneath. 
Vertical  and  horizontal  loads  are  used.  The  results  obtained  give  the  shearing 
characteristics  for  consolidated  ballast,  including  the  desirability  for  the  hori- 
zontal force  not  to  exceed  0.3  times  that  of  the  vertical  force.  This  is  best 
achieved  on  the  track  by  compacting  the  ballast  very  firmly 

53.  "Recent  Trends  in  Track  Research  on  Indian  Railvvavs,  Part  1 — Track  Modulus 
and  \'ertical  Bending  Stresses  in  Rail,"  by  T.  V.  Joseph  and  H.  S.  Ramakrishna, 
Indian  Railway   Technical  Bulletin,   Lucknow,   India,  August,   1964,   pp.   .54-63. 

Problems  in  track  research  facing  the  Indian  Railways  are  mentioned  and 
studies  made  on  the  determination  of  track  modulus  and  vertical  bending 
stresses  in  rails  are  described.  The  standard  method  for  determination  of  track 
modulus  and  the  concept  of  double  modulus  is  discussed  at  length.  The  two- 
load  method  of  determining  the  track  modulus  and  calculating  the  vertical 
bending  stresses  in  the  rail  by  the  double  modulus  method  gave  satisfactorv 
results. 
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54.  "Increasing  the  Carrying  Capacit\'  of  the  Roadbed  Basic  Surface,"  by  A.  N.  Mar- 
gotyev,  Zheleznodorozhnyi  Transport,  U.S.S.R.,  November  1964,  pp.  44^7,  CNR 
Translation  No.  64-238. 

After  mentioning  the  factors  affecting  the  carrying  capacity  of  the  road- 
bed, the  author  discusses  ways  in  which  this  can  be  increased. 

55.  "Track  Calculation  Problems,"  by  K.  Gawel  and  A.  Oczykowski,  Trzegl,  Kolej. 
Drog.,  No.   11,  A.  4,  Warsaw,  Poland,  1964,  pp.   169-175. 

Includes  an  extensive  study  dealing  with  the  calculation  of  the  pressures 
and  stresses  which  arise  in  parts  of  the  infrastructure  and  superstructure  under 
the  influence  of  stock  running  over  straight  track  and  over  curves;  modulus  of 
elasticity  of  the  track  coefficient  of  the  track  ]:ed;  outline  of  existing  methods 
of  calculation;  review  of  the  data  obtained  in  other  countries  from  studies  and 
calculations  concerning  the  stresses  imposed  upon  track  components;  permissable 
stresses  to  which  track  components  may  be  sulijected;  and  analysis  of  the  diffi- 
culties encountered  in  determining  the  dynamic  stresses  imposed  upon  the  track 
by  rolling  stock. 

56.  "Stresses  to  Which  the  Rails,  Ballast  and  Roadbed  Are  Subject  under  Moving 
Loads,"  Office  de  Recherches  et  d'Essais,  Bidletin,  Utrecht,  Netherlands,  Janu- 
ary 1964,  pp.  34-36. 

An  account  is  given  of  the  considerable  work  undertaken  by  various  rail- 
ways to  determine  the  manner  in  which  trains  operating  at  increasingly  higher 
speeds  affect  the  behavior  of  the  track.  Stresses  produced  in  the  rail,  fastenings, 
sleepers,  ballast,  and  sub-soil  are  analysed  in  a  detailed  manner.  The  article 
also  features  a  plan  relating  to  the  organization  of  the  research  program  in 
\'iew  of  the  possible  operation  of  trains  at  a  speed  of  200  km/h. 

57.  "Repeated  Load  Tests  on  Rail-Sleeper  Assemblies,"  by  J.  C.  Loach,  RaUway 
Gazette,  Vol.   121,  No.  7,  London,  U.K.,  1965,  p.  274. 

Using  a  special  baseplate,  it  is  now  possible  to  measure  vertical  loads  and 
lateral  forces  transmitted  from  rail  to  sleeper,  and  British  Railways  Research 
Department  has  devised  controlled  laboratory  tests  which  closely  reproduce 
severe  service  conditions  of  loading.  The  test  rig  is  described  and  the  results 
obtained  with  it  are  discussed. 

58.  "Distortion  of  the  Ballast  Bed,"  by  K.  Klugar,  Eisenbahntechnische  Rundschau, 
Darmstadt,  Germany,  November  1965,  pp.  491-497. 

Results  of  investigations  into  the  elastic  and  plastic  behavior  of  the  ballast 
bed  are  given.  Its  stability  can  be  improved  by  altering  the  granular  structure. 
A  series  of  laboratory  tests  were  undertaken  under  static  loading  with  provision 
to  prevent  transverse  spread. 
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Report  on  Assignment  4 
Drainage     and   Culverts 

W.    M.    Dowdy    (chairman,    subcommittee),   C"..    C.    Fenton,    II.   E.    Mcxmii,    F.    S. 
Patton,  G.  E.  Shaw,  W.  M.  Snow. 

Your  committee  sulimits  for  adoption  the  tollowinj^  recommendation  with 
respect  to  Part  4,  Chapter   1,  of  tlic  Manual. 

Pages   1-4-11    and   1-4-12 
SPECIFICATIONS  FOR  CORRUGATED  METAL  PIPE  FOR  SUBDRAINAGE 

Paye  1-4-11.  Under  Art.  4.  Perforations,  revise  the  first  .sentence  to  read  as 
follows:  "Perforations  shall  be  appro.ximately  %  in.  in  diameter  as  measured  on  the 
finished  pipe  and  shall  be  located  in  the  inside  crests  or  on  the  neutral  a.\is  of  the 
corrugations." 


Report  on  Assignment  5 

Specifications  for  Pipelines  for  Conveying  Flammable 
and  Non-Flammable  Substances 

Collaborating   with   Committees   15  and   20 

E.  E.  Farris  (chairman,  subcommittee),  R.  H.  Beeder,  C.  R.  Bergman,  G.  B. 
Harris,  B.  G.  Hudson,  F.  S.  Patton,  H.  L.  Van  Horn,  M.  E.  Vosseller, 
A.  J.  Wegmann,  H.  L.  White. 

Your   committee  submits   the  following  report  as   information. 

1.  A  study  is  now  being  made  to  see  how  pipeline  .specifications  may  be  worded 
in  non-technical  language  for  the  benefit  of  those  who  have  the  job  of  supervising 
or  inspecting  the  actual  installation.  Man\-  crossings  are  placed  by  individuals  or 
small  companies  with  no  prior  experience,  who  need  guidance  and  coiuisel  that 
they  can  understand 

2.  Tests  of  iiimulated  uncased  pipeline  crossings  of  tracks  and  highways  are 
continuing  imder  a  program  originally  started  in  1964  by  the  American  Society  of 
Civil  Engineers.  The  research  staff  of  the  Association  of  American  Railroads  is  now 
rerunning  tests  on  a  pressurized  24-in-diameter  pipe  to  determine  the  effect  of 
various  internal  and  external  pressures.  The  rerun  was  made  necessary  because  of 
excessive  drifting  of  strain-gage  data  during  the  initial  test.  Estimated  cost  of  this 
test  is  $10,328.  The  Battelle  Memorial  Institute  is  to  make  the  analysis  of  data;  and 
the  final  report,  at  an  estimated  cost  of  $17,000.  The  original  program  was  funded 
at  $25,000,  of  which  $6,000  remained.  The  American  Gas  Association  is  now  com- 
mitted to  a  funding  program  of  $24,000  to  be  partially  shared  with  Canadian  Gas 
Association  and  Oil  Pipe  Lines  of  Canada. 

3.  Your  committee  wishes  to  call  attention  to  the  growing  national  concern  for 
pipeline  safety.  Tlie  impact  of  .such  thinking  will  achieve  the  greatest  good  if  the 
railroad   industry  recognizes   its  place  in  the  picture,  and  brings  its  experience  and 
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concepts  to  1-ear  on  tlie  problem  at  the  right  time,  and  the  right  place.  There  is  no 
other  industry  coming  into  contract  with  pipeline  construction  sufficiently  to  mar- 
shall  any  restraining  influence  on  pipeline  companies  in  their  drive  for  economy 
of  operation. 

To  date  it  is  only  possil:»le  to  protect  railroad  interests  by  establishing  specifica- 
tions and  construction  details  for  pipelines  where  such  facilities  actually  occupy 
railway  property,  either  longitudinally  or  at  locations  where  pipelines  cross  railway 
trackage.  This  limited  involvement  in  the  construction  specifications  by  the  railroads 
is  not  sufficient  for  full  protection,  as  several  explosions  of  pipelines  carrying 
petroleum  products  have  damaged  railroads  where  the  pipeline  explosions  were 
located  some  distance  from  the  railroad  right-of-way.  In  those  cases  the  pipeline 
explosions  occurred  on  the  property  of  others  where  presently  the  railroad  cannot 
control  the  construction  specifications. 

Pipelines  are  getting  progressively  lighter  and  more  tender.  It  should  be  realized 
that  corrosion  of  high-strength  steel  reduces  strength  faster  than  corrosion  of  low- 
strength  steel,  and  the  corrosion  rate  can  be  more  rapid.  There  are  many  different 
causes  of  corrosion,  but  proponents  of  cathodic  protection  and  coatings  generally 
ignore  them.  When  explosions  cease  occurring,  it  will  be  evident  that  an  answer  has 
been  found.  Railroads  have  little  to  gain  in  accepting  lighter  construction  than  has 
already  proven  successful. 
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Roadway:  Formation  and  Protection 

(a)  Roadbed   Stabilization 

(b)  Slope    Protection 

(c)  Special  Treatments  for  Subgrade   Improvement 

(d)  Hydraulic   Fills 

G.  F.  Nigh  (chairman,  subcommittee),  H.  E.  Bartlett,  E.  W.  Bauman,  D.  L. 
Bloem,  I.  P.  Cook,  ].  E.  Gray,  H.  O.  Ireland,  A.  E.  Lewis,  W.  G.  Murphy, 
J.  E.  Newby,  S.  R.  Pettit. 

Your  committee  presents  the  following  two  reports  as  information.  The  first, 
entitled  "Use  of  Portable  Seismic  Equipment  for  Subsurface  Exploration,"  pertains 
to  Assignment  6  (a).  The  other,  entitled  "Salt  Stabilization  of  Subgrade,"  pertains 
to  Assignment  6   (c). 

Use  of   Portable  Seismic  Equipment  for  Subsurface   Exploration 

The  development  of  portable  refraction  seismograph  equipment  for  use  in  rela- 
tively shallow  subsurface  exploration  is  comparatively  recent.  However,  the  theory 
on  which  the  equipment  operates  has  been  successfully  used  for  many  years  for 
deep  exploration  common  to  the  oil  and  mineral  industry.  The  portable  equipment 
allows  classification  and  depth  determinations  to  be  made  for  excavation  and  foun- 
dation investigations  to  depths  up  to  100  ft 

In  theory,  the  portable  refraction  seismograph  measures  the  speed  at  which 
various  materials  transfer  a  shock  wave.  Measurements  of  elapsed  time  from  a  point 
where    a   shock   wave   is   initiated   to   a   sensing   device   are   made.    From   the   data 
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obtained,  time-distance  information  is  plotted  and  velocities  computed,  and  the 
depth  information  is  calcnlated  in  the  field.  The  velocity  at  which  a  sound  wave 
will  pass  through  the  underlying  material  varies  roughly  according  to  its  density. 
These  \elocitics  vary  from  as  low  as  600  ft  per  sec  in  light  and  dry  top  soil  to 
20,000   ft  per  sec   in   sound   granite. 

Some  of  the  uses  to  which  this  eciuipment  can  be  put  are:  to  determine  thick- 
ness of  strata — soil  or  rock;  profile  and  ripability  of  rock;  depth  to  rock,  location 
and  size  of  sand  and  gra\'el  deposits;  discontinuities  of  soil  or  rock  such  as  soft 
material  pockets,  saturated  zones,  and  \oids;  elevation  and  extent  of  subsurface 
water;  and  economics  of  location  for  utilit\    routes,  higliways  and  railroads. 

In  the  past  fi\e  >ears,  there  has  been  a  tremendous  growth  in  the  use  of 
geophysical  testing  equipment,  especially  in  the  highway  construction  field.  The 
instruments,  Ijecause  of  their  speed\'  application  and  portability,  are  proving  to  be 
less  expensive  and  more  rapid  to  use  than  conventional  drilling  techniques.  The 
seismic  equipment  should  not,  however,  be  considered  as  a  substitute  to  all  test 
borings,  but  rather  as  an  aid  in  reducing  the  number  of  borings  required  and  aug- 
menting the  information   provided  b\'  test  borings. 

Personnel  of  the  Engineering  Research  Division  of  the  Association  of  American 
Railroads  had  the  occasion  to  use  portable  refraction  seismograph  equipment  on  a 
railroad  in  Colorado  in  an  attempt  to  locate  potential  sink  holes  near  the  track 
caused  by  cavities  in  underlying  soil  or  gypsum  bedrock.  This  was  done  in  several 
locations,  but  no  indications  of  sink  holes  were  disclosed.  This  is  probably  due  to 
the  fact  that  all  the  sink  holes  had  been  located  and  grouted  full  previous  to  the 
seismic  survey.  Two  of  the  three  areas  investigated  over  a  two-mile  survey  length 
were  valley  land  with  an  alluvial  silty  sand  to  a  depth  of  about  30  ft.  Several  sink 
holes  had  appeared  in  the  past  in  these  areas,  but  it  is  thought  that  these  were  due 
to  underground  piping  of  the  silt\-  sand  soils  into  the  adjacent  river.  This  particular 
type  of  soil  is  susceptible  to  underground  erosion,  and  these  areas  were  occasionally 
flooded,  even  over  the  track,  with  slow  run-off  allowing  opportunity  for  downward 
percolation  of  water  in  large  quantities.  At  the  time  of  the  survey,  surface  drainage 
had  been  corrected  so  that  run-ofl   was  rapid. 

The  third  section  investigated  was  in  a  cut-fill  alongside  a  mountain  on  which 
the  railroad  was  constructed  new  in  the  mid  30's.  It  is  thought  that  the  holes  appear- 
ing adjacent  to  the  track  in  this  area  were  due  more  to  voids  in  the  broken  rock 
left  in  the  fill  during  construction  through  which  underground  channels  were  formed 
by  surface  waters  deploying  into  the  river.  The  rock  in  this  area  contains  gypsum 
in  certain  strata  but  is  tilted  very  near  the  vertical,  and  it  is  possible  that  the  under- 
ground channels  were  formed  or  enlarged  by  the  solution  of  this  rock  under  acid 
surface  waters.  The  gypsum  in  this  location,  however,  was  not  present  in  large 
enough  deposits  to  form  large  cavities  by  itself. 

In  summary,  portable  refraction  seismic  equipment  is  undoubtedly  of  value  in 
determining  subgrade  conditions  for  excavation  and  foundation  conditions.  The  use 
of  it  to  undercover  possible  cavities  is  limited  by  the  extent  and  coverage  provided 
in  the  survey.  The  seismic  equipment  in  general  is  not  intended  as  a  complete 
substitute  for  test  borings,  but  rather  to  augment  the  information  obtained  through 
such  borings. 
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Salt  Stabilization   of   Subgrade 

Project 

Approximately  one  mile  of  new  location  on  the  C'.enesee  &  Wyominj^  Railroad, 
consisting  of  a  new  fill  600  ft  long  with  maximnm  lieight  of  50  ft,- the  balance  light 
fill  and  cnt. 

Purpose  of  Stabilization 

The  purpose  of  the  stabilization  wa,s  to  provide  a  dense,  impervious  layer 
between  the  sub-base,  which  was  predominantly  clay,  and  the  sub-ballast  to  prevent 
seepage  of  surface  water  into  the  sub-base. 

Procedure 

The  sub-base,  including  shoulders  to  the  ditch  line,  was  shaped  to  the  normal 
crown  and  rolled. 

Over  the  shaped  sub-base  a  3-in  layer  of  selected  borrow  material  consisting 
of  granular  material  with  sufficient  fine  clay  for  a  binder,  was  spread  the  full  width 
of  the  roadbed,   including  the  shoulders,  and  shaped  with  a  grader 

Over  this  layer  rock  .salt  was  spread  by  means  of  a  spreader  box  at  the  approx- 
imate rate  of  2  lb  per  sq  yd. 

The  layer  of  selected  material  and  salt  was  then  thoroughly  mixed  by  win- 
drowing  with  the  grader  blade,  re-shaped,  lightly  sprinkled  and  rolled  with  a  10- 
ton  roller. 

The  sub-ballast  of  crushed  bank-run  gravel  with  maximum  size  of  1/2  in  and 
a  moderate  percentage  of  fines  was  then  spread  over  the  stabilizing  course  to  a 
thickness  at  the  crown  of  4  in,  for  a  width  of  14  ft,  shaped  level  and  rolled. 

The  track  was  then  built  on  the  sub-ballast,  lined  and  raised  by  fork  tamping 
on  3A  crushed  limestone  in  two  5-in  lifts,  allowing  a  months  normal  traffic  over 
the  track  between  lifts. 

Results 

An  inspection  made  two  years  after  completion  indicated  excellent  results,  the 
shoulders  are  hard,  showing  no  erosion  and  the  surface  and  cross  level  of  the  track 
are  good,  considering  that  no  work  has  been  done  since  completion  except  to  raise 
a  few  low  joints.  No  evidence  of  pumping  was  found. 

Summary 

Salt  stabilization  has  been  successfully  used  on  secondary  roads  in  this  area 
and  the  process  owes  its  success  to  the  deliquescent  properties  of  the  salt. 

When  water  is  mixed  with  or  falls  on  the  surface  of  the  mixture,  the  salt  dis- 
solves, and  the  brine  thus  formed  penetrates  below  the  surface.  The  clay  swells 
somewhat.  The  expanded  clay  stops  up  the  pores  and  tends  to  prevent  further 
percolation  of  water. 

The  mixture  of  materials  should  be  so  proportioned  that  when  compacted  there 
will  be  an  interlocking  of  the  granular  particles  and  binder  with  sufficient  capillary 
action  to  furnish  good  stability  during  wet  weather  and  enough  cohesion  to  prevent 
the  surface  from  distintegrating  during  dry  weather.  The  salt's  natural  affinity  for 
water  provides  the  necessary  moisture  from  a  humid  atmosphere  to  make  the  clay 
practically  impervious. 
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Natural   materials   sufRcientlv   graded   are   usually  availalile  for   the  jiurjiose  but 
tlie\    sliould  generalK'  conform  to   the  following: 

Passing  Pciccut 

I"    screen     100 

%"    screen    85  to  100 

%"    screen     65  to  100 

No.       4  sieve 55  to  85 

No.     10  sieve 40  to  65 

No.     40  sieve 25  to  50 

No.  200  sieve   15  to  25 

Tlie  percentaj^e  of   fines  howcxcr,  will  depend  on  the  plasticity  or  coliesiveness 
of  the  clay. 


Report  on   Assignment   10 

Ballast- 

(a)  Tests 

(b)  Special  Types  of  Ballast 

E.  L.  Robinson,  Jr.  (chairman,  subcommittee),  E.  W.  Bauman,  D.  L.  Bloem, 
C.  R.  Bergman,  T.  W.  Creighton,  G.  W.  Deblin,  ].  G.  Gray,  W.  C. 
McCoRMiCK,  N.   B.  Roberts,  E.  L.  Woods. 

Your  committee  presents  the  following  two  reports  as  information.  The  first, 
entitled  "Preliminary  Report  on  Ballast  Research  Project,"  pertains  to  Assignment 
10  (a).  The  other,  entitled  "Final  Report  on  Asphalt-Treated  Ballast  and  Bridge 
Decks,"  pertains  to  Assignment  10   (b). 

Preliminary    Report   on    Ballast   Research    Poject 

Introduction 

This  is  a  preliminary  report  on  tlie  Ballast  Specification  Developjnent  Inves- 
tigation which  was  reinstated  in  the  Association  of  American  Railroads  Engineering 
Research  Budget  in  1966  for  the  first  time  since  it  was  discontinued  in  1960.  The 
work  is  being  performed  by  the  research  staff  of  the  AAR  with  the  cooperation 
and  assistance  of  the  staff  of  the  National  Crushed  Stone  Association  and  the 
National  Slag  Association.  The  project  is  under  the  general  direction  of  G.  M.  Magee, 
director  of  engineering  research,  under  the  guidance  of  Rockwell  Smith,  research 
engineer  roadway,  and  is  being  supervised  and  reported  by  G.  L.  Hinueber,  engi- 
neering laboratory  manager  of  the  AAR. 

Purpose  and  Scope 

The  purpose  of  the  investigation  is  to  improve  ballast  performance  by  the 
rational  selection  of  materials  from  available  sources  which  will  produce  the  best 
service  record,  and  to  subsecjuently  revise  the  present  AREA  Ballast  Specifications 
to  this  end. 
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Materials  and  Tests 

The  first  phase  of  the  investigation  is  the  selection  of  suitable  samples  for  the 
tests.  Samples  of  the  three  basic  types  of  ballast  materials — crushed  stone,  slag  and 
gravel — are  being  obtained  from  various  parts  of  the  country  with  the  objective  of 
investigating  materials  rated  as  excellent,  fair  and  poor  for  each  type  so  as  to  get  a 
good  cross  section  of  available  materials,  which  should  give  varying  results  in  the 
tests  to  be  run.  The  selection  is  made  on  the  basis  of  information  obtained  from 
railroad  personnel  familiar  with  the  materials  as  to  service  record.  This  will  be 
supplemented  by  information  from  laboratory  degradation  tests.  Ballast  materials 
which  have  been  in  service  in  the  track  for  five  years  or  longer,  as  well  as  com- 
panion samples  of  the  same  material  obtained  from  the  source  of  supply,  will  be 
investigated. 

The  in\estigation  will  include  all  tests  presently  required  in  "AREA  Specifica- 
tions for  Prepared  Stone,  Slag  and  Gravel  Ballast."  In  addition,  numerous  other  tests 
for  determination  of  breakdown  or  degradation  due  to  abrasion  and  crushing  from 
both  static  and  repeated  loads  and  from  forces  of  weathering  such  as  wetting  and 
drying,  freezing  and  thawing,  will  be  run.  The  quality  and  properties  of  the  fines 
produced  in  the  degradation  of  the  various  ballast  materials  tested  will  be 
investigated. 

Procedure 

Progress  up  to  the  present  has  consisted  of  selection  and  sampling  of  ballast 
materials  to  be  tested  and  the  formulation  of  the  test  program  to  be  pursued  in  the 
investigation.  Laboratory  tests  which  will  assist  in  the  final  selection  of  the  test 
samples  for  the  program  are  presently  under  way. 


Final   Report  on   Asphalt-Treated   Ballast  and   Bridge   Decks 

This  report  deals  with  the  condition  of  the  asphalt-treated  ballast  test  sections 
applied  in  1959  and  1960  on  various  railroads  and  a  representative  number  of 
asphalt  bridge  deck  treatments  on  the  Pittsburgh  &  West  Virginia  Railway  applied 
in  1959  and  1960  and  on  the  Chicago,  Rock  Island  &  Pacific  Railroad  applied  in 
1960.  The  equipment  and  applications  were  described  in  the  Proceedings,  Vol.  60, 
1959,  page  712,  and  Vol.  61,  1960,  page  715. 

These  treatments  are  the  result  of  a  research  project  sponsored  jointly  by  the 
Roadway  and  Ballast  Committee  of  the  American  Railway  Engineering  Association 
and  the  Asphalt  Institute,  with  the  cooperation  of  the  Engineering  Research  Depart- 
ment of  the  Association  of  American  Railroads  and  participating  railroads.  The 
special  equipment  for  the  test  applications  was  made  available  upon  request  to  any 
interested  railroad  without  charge.  There  has  been  an  apparent  lack  of  interest  in 
any  further  applications  by  tlie  railroads  since  the  completion  of  the  1960  work  and 
consequently,  it  has  been  deemed  advisable  to  dispose  of  the  equipment  and  dis- 
continue the  project.  This  will  be  the  last  formal  presentation  of  data  and  results 
of  the  test  installations.  It  is  the  intent  of  the  Engineering  Research  Department  of 
the  AAR,  however,  to  continue  to  observe  the  test  sections  still  in  service  whenever 
it  is  convenient  to  do  so  and  keep  a  record  of  condition  and  cost  insofar  as  possible 
for  the  information  of  anyone  who  might  be  interested. 

All  of  the  asphalt-treated-ballast  test  sections  still  in  service  and  a  representa- 
tive number  of  the  bridge  deck  treatments  were  inspected  during  the  summer  and 
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fall  of  1966  by  representative's  of  the  Association  of  American  Railroads.  The  results 
of  these  inspections  are   included   in   the  following  report, 

1959  BALLAST  TREATMENTS 

SANTA  FE  RAILWAY 
Daggett — Barstow,  Calif. 

This  two-mile  test  section  on  volcanic  cinder  ballast  was  treated  in  1959  with 
85-100  penetration  asphalt  cement  applied  at  the  rate  of  1.38  gal  per  sq  yd  fol- 
lowed by  a  spread  of  volcanic  cinder  screenings  at  the  rate  of  20.3  lb  per  s(i  yd. 

This  test  section  was  inspected  December  1,  1966.  The  asphalt-treated  ballast 
in  general  was  broken  and  loose  in  the  cribs  both  inside  and  outside  the  rail.  At 
some  rail  joints  the  ballast  was  pushed  up  between  the  ties  due  to  movement  of 
the  ties  anchored  to  the  rail.  There  was  no  noticeable  difference  in  joint  gap  opening 
between  the  asphalt-treated  test  section  and  the  control;  so  the  asphalt  had  evi- 
dently not  effected  any  increased  resistance  of  the  ballast  to  restrain  longitudinal 
rail  movement.  The  adherence  of  the  asphalt  and  cover  aggregate  to  the  ties 
was  poor. 

The  control  section  looked  good.  No  tie  renewals  had  been  made  on  either  sec- 
tion and  the  amount  of  maintenance  work  had  l>een  relatively  small  on  both  sections. 
The  general  condition  of  line  and  surface  was  good  on  both  sections. 

It  is  again  apparent,  as  stated  in  previous  reports,  that  better  results  could  have 
been  obtained  if  the  quantity  of  asphalt  applied  had  been  somewhat  greater. 

The  maintenance  costs  for  6.7  years  of  record  total  $990,  or  $495  per  track 
mile,  for  the  asphalt-treated  test  section  and  $1319,  or  $660  per  mile,  for  the 
untreated  control  section. 

Peach  Springs — Truxton,  Ariz. 

This  5.2-mile  section  of  Santa  Fe  track  has  volcanic  cinder  ballast.  It  was 
treated  in  1959  with  85-100  penetration  asphalt  cement  applied  at  the  rate  of  1.18 
gal  per  sq  yd  followed  by  the  application  of  cover-coat  aggregate  of  fine-graded 
volcanic  cinders  at  the  rate  of  22  lb  per  sq  yd. 

The  test  section  was  last  inspected  on  November  10,  1965,  at  which  time  it 
was  apparent  that  its  useful  life  had  been  expended.  As  previously  reported,  the 
quantity  of  asphalt  was  insufficient  to  properly  penetrate  and  cement  the  ballast. 
There  was  considerable  disturbance  both  in  cribs  and  at  tie  ends  and  the  surface 
was  cracked  quite  badly  in  areas. 

The  maintenance  that  had  been  required  on  tliis  test  section  up  to  the  time 
of  this  inspection  was  moderate,  but  indications  were  that  considerable  maintenance 
would  soon  be  required.  The  control  section  on  the  adjacent  track  has  also  recjuired 
a  relati\ely  small  amount  of  maintenance. 

This  test  section  was  removed  from  lest  and  the  track  was  reballasted  in 
February  1966.  The  total  maintenance  costs  for  the  treated  test  section  for  6.7  years 
of  record  amounted  to  $627,  or  $121  per  track  mile,  and  for  the  control  section 
$935,  or  $181  per  track  mile. 

Suwanee — Marmon,  N.  Mex. 

This  asphalt-treated  section  was  removed  from  test  in  1961  and  1962  because 
of  wet,  unstable  subgrade  conditions  which  undoubtedly  pre\ailed  at  the  time  of 
treatment. 
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Maintenance  records  show  that  the  asphalt-treated  section  required  about  twice 
as  much  maintenance  as  the  untreated  control  section  for  the  life  of  the  test.  It  will 
be  noted  that  the  maintenance  cost  for  the  test  section  included  a  cost  for  digging 
out  the  asphalt-treated  ballast  to  allow  for  drainage  in  addition  to  the  required 
spotting  and   lining   costs. 

Le  Compton — Topeka,  Kan. 

This  test  section  on  the  Santa  Fe  near  Topeka,  Kan.,  is  4  miles  in  lengtli.  It  is 
surfaced  with  fine  chat  ballast  for  %  mile  and  the  remainder  with  a  coarse  chat. 
Asphalt  cement,  120-150  penetration,  was  applied  at  the  rate  of  1.29  gal  per  sq  yd 
over  the  coarse  chat  and  0.75  gal  per  sq  yd  over  the  fine  chat.  The  cover  aggregate, 
a  fine  slag,  was  applied  at  the  rate  of  19.4  lb  per  sq  ft. 

This  test  section  was  inspected  July  28,  1966,  and  as  noted  in  previous  inspec- 
tions, some  maintenance  has  been  required.  A  stretch  along  the  Kaw  River  was 
unstable  with  slippage  occurring  toward  the  river.  The  asphalt-treated  surface  was 
removed  from  this  area  in  1961  and  the  track  was  subsequently  grouted  and  resm-- 
faced  with  slag  ballast.  The  asphalt  surfacing  has  been  dug  out  around  a  curve  for 
a  width  of  approximately  6  in  at  a  distance  of  1  ft  from  the  tie  ends  to  permit 
lining  which  could  not  be  accomplished  without  this  relief.  The  lining  requirements 
are  presumed  to  have  been  present  at  the  time  of  treatment  because  the  remainder 
of  the  test  section,  with  the  exception  previously  noted,  has  preserved  its  line  and 
surface  in  excellent  shape.  Adherence  of  the  asphalt  and  cover  aggregate  to  the  ties 
and  tie  plates  has  remained  good. 

The  total  maintenance  cost  for  a  period  of  record  of  6.6  years  was  $8534,  or 
$2134  per  track  mile  for  the  test  section  and  $7152,  or  $1788  per  track  mile,  for 
tlie  control  section.  The  control  section  is  the  4  miles  of  track  immediately  preced- 
ing the  test  section.  Since  the  control  section  does  not  parallel  the  test  section,  a 
difference  in  subgrade  stability  exists  between  the  test  and  control  sections  and, 
therefore,  the  grouting  costs  have  not  been  included  as  part  of  the  maintenance  costs. 

Bucklin — Marceline,  Mo. 

This  4.15-mile  test  section  on  the  Santa  Fe  near  Marceline,  Mo.,  was  installed 
on  slag  ballast  in  1959.  Asphalt  cement,  85-100  penetration,  was  applied  at  the 
rate  of  1.34  gal  per  sq  yd  followed  by  the  application  of  gravel  screenings  at  the 
rate  of  33.4  lb  per  sq  yd. 

This  test  section  was  inspected  July  27,  1966,  and  is  generally  in  excellent 
shape.  The  asphalt-treated  ballast  in  the  cribs  between  the  rails  is  fairly  tight  but 
there  is  some  cracking  and  breaking  at  the  tie  ends.  Pumping  is  limited  to  locations 
at  road  crossings.  Adherence  of  the  asphalt  and  cover  aggregate  to  the  ties  and  tie 
plates  is  good  to  excellent.  There  has  been  no  tie  renewal  in  the  seven  years  of 
operation  over  this  test  section.  Line  and  surface  have  remained  excellent.  It  has 
been  reported  that  the  treatment  has  apparendy  been  beneficial  in  reducing  rail 
gaps  in  cold  weather. 

The  control  section  is  the  adjacent  eastward  main.  It  is  in  good  condition  at 
the  present,  but  has  received  a  smoothing  lift  within  the  past  two  years. 

The  maintenance  costs  for  a  period  of  record  of  6.6  years  have  totaled  $846, 
or  $204  per  mile,  for  the  test  section  and  $2209,  or  $534  per  mile,  for  the  control 
section. 
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Williamsfield— Dahinda,  HI. 

All  inspection  was  made  ot  the  3.5-inik'  asj)halt-tit'ati'd  ballast  test  seetion  on 
the  Santa  Fe  near  Williamsfield,  111.  on  |une  22,  1966.  This  section  has  limestone 
ballast  and  was  treated  in  1959  with  85-100  penetration  asphalt  cement  applied  at 
the  rate  of  1.24  gal  per  srj  \(1  toUowed  h\'  tlie  application  ot  gra\el  screeninjis  at 
the  rate  of  29.8  \h  per  s(i  \d. 

This  project  remains  in  excellent  shape.  The  treatment  is  relatixcly  tight  in  the 
cribs  with  some  indication  of  disturbance  outside  the  rails  at  the  tie  ends.  There  is 
an  apparent  difference  in  degree  of  movement  at  the  tie  ends  between  longer  and 
shorter  ties;  the  treatment  at  the  ends  of  the  longer  ties  showing  less  disturbance 
than  the  treatment  at  the  ends  of  the  shorter  ties.  Coverage  and  adherence  of  the 
asphalt  and  cover  aggregate  to  the  ties  and  tie  plates  remain  good  to  excellent. 
Surface  and  alignment  are  very  good.  Some  maintenance  had  been  required  at  insu- 
lated joints  but  beyond  this  no  maintenance  has  been  reciuired.  The  control  track  is 
also  in  very  good  condition  and  has  required  little  maintenance. 

Maintenance  costs  for  6.6  years  of  record  totaled  $342,  or  $98  per  mile,  for  the 
test  section  and  $596,  or  $170  per  mile,  for  the  control  section. 

Victorville  &  Ore  Grande,  Calif. 

In  1959,  a  total  of  2  miles  of  track  at  Victor\'ille  and  2.5  miles  of  track  at  Oro 
Chande  was  treated  by  applying  125-150  penetration  asphalt  cement  followed  by 
the  application  of  gravel  screenings.  These  sections  of  track  were  treated  to  prevent 
dust  from  adjacent  cement  mills  from  fouling  the  crushed  gravel  ballast  and  were 
not  intended  as  test  sections.  Tlie  eastbound  and  westbound  tracks  were  treated  at 
both  locations. 

In  1963,  the  eastbound  tracks  at  both  Oro  Grande  and  Victorville  were  dis- 
turbed through  the  treated  area  and  skin-lifted  to  correct  irregularities  in  surface 
which,  in  the  judgement  of  railroad  personnel,  for  the  most  part  were  present  when 
the  asphalt  treatment  was  applied. 

An  inspection  of  the  treated  tracks  at  both  locations  was  made  December  1, 
1966.  In  general,  the  condition  of  the  westbound  tracks  at  both  Victorville  and  Oro 
Grande  was  good  and  the  treated  ballast  was  tight.  The  coverage  and  adherence 
of  the  asphalt  and  cover  aggregate  to  the  ties  was  very  good.  Relatively  little 
maintenance  has  been  required  on  these  treated  sections  since   1963. 

1960    BALLAST    TREATMENTS 

NORFOLK  6i   WESTERN   RAILWAY 

This  2.8-mile  test  section  on  the  Norfolk  &  Western  Railwa\  near  Ford,  Va., 
was  treated  in  1960  with  85-100  penetration  asphalt  cement  applied  at  the  rate 
of  1.37  gal  per  sq  yd  to  the  limestone  ballast.  Limestone  screenings  were  then  spread 
at  the  rate  of  26  lb  per  sq  yd. 

After  6  years  of  service,  this  section  is  in  relati\ely  good  shape,  liut  is  begin- 
ning to  show  the  effect  of  operations  without  any  appreciable  maintenance  and  a 
raise  will  soon  be  required.  There  is  occasional  tie  pumping  and  pumping  at  road 
crossings.  The  coverage  of  ties  and  track  fittings  is  still  good  and  should  add  to  the 
life  of  the  ties.  The  asphalt  has  been  fairh'  effective  in  pre\ention  of  coal  dust 
fouling. 
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There  have  been  no  maintenance  costs  to  date  for  the  test  section.  The  main- 
tenance costs,  for  the  adjacent  control  section  have  totaled  $2916,  or  $1040  per  mile. 
These  costs  present  a  distorted  picture  as  to  the  merit  of  the  asphalt-treated  ballast. 
A  great  deal  of  expense  was  incurred  in  preparing  the  test  section  to  receive  the 
treatment.  The  test  section  was  placed  in  top  condition,  but  very  little  work  was 
performed  on  the  control  section  at  that  time.  The  railroad  has  been  hesitant  to  do 
work  which  might  disturb  the  test  section.  Pumping  is  occurring  and  this  does  not 
yet  sho\\'  up  in  maintenance  costs.  When  it  finally  becomes  necessary  to  work  this 
track,  it  may  he  an  expensive  operation  to  change  out  the  treated  ballast. 

MONON  RAILROAD 

An  inspection  was  made  on  July  12,  1966,  of  the  4.8-mile  test  section  on  the 
Monon  Railroad  near  Monon,  Ind.  The  limestone  ballast  was  treated  with  asphalt 
in  1960.  Approximately  one  mile  was  sprayed  with  120-150  penetration  asphalt 
cement  and  the  remainder  with  85-100  penetration  asphalt  cement.  The  asphalt 
cement  was  applied  at  the  rate  of  1.25  gal  per  sq  yd.  This  was  followed  by  the 
application  of  limestone  screenings  at  the  rate  of  25  lb  per  sq  yd.  Two  miles  of  the 
test  section  has  continuous  welded  rail  and  the  remainder  has  jointed  rail. 

The  portion  of  the  test  section  with  continuous  welded  rail  is  still  in  very  good 
condition.  The  cribs  are  tight  but  there  is  evidence  of  disturbance  at  the  tie  ends. 
Line  and  grade  are  apparently  good  and  the  ballast  section  is  well  crowned  for 
drainage.  The  asphalt  and  cover  aggregate  are  adhering  well  to  the  ties. 

The  jointed  rail  section  shows  somewhat  more  disturbance  at  the  tie  ends 
although  the  cribs  for  the  most  part  are  still  fairly  tight.  There  has  been  intermit- 
tent spotting  over  a  stretch  of  about  IM  miles.  The  spotting  is  almost  entirely  con- 
fined to  the  vicinity  of  the  joints.  According  to  railroad  personnel,  some  of  this  low- 
joint  condition  was  prevalent  at  the  time  of  treatment.  There  is  no  evidence  of 
variation  in  the  condition  of  the  test  track  due  to  the  two  different  grades  of 
asphalt  used. 

Maintenance  costs  for  both  the  test  and  control  sections  have  been  very  small 
and  about  equal. 

LOUISVILLE  &  NASHVILLE  RAILROAD 

A  two-mile  section  of  the  Louisville  &  Nashville  Railroad  near  Horse  Cave,  Ky., 
was  treated  with  asphalt  in  1960.  This  section  was  removed  from  test  in  1961 
because   of  unstable   subgrade   conditions. 

TEXAS  &  PACIFIC  RAILWAY 

Two  sections  of  track,  each  two  miles  in  length,  on  the  Texas  &  Pacific  Rail- 
way near  Big  Spring,  Tex.,  were  treated  with  asphalt  in  1960.  Asphalt  cement, 
85-100  penetration,  was  applied  at  the  rate  of  1.04  gal  per  sq  yd  followed  by  the 
applications  of  limestone  screenings  at  the  rate  of  25  lb  per  sq  yd. 

An  inspection  of  the  test  section  was  made  in  October  1966.  In  general,  the 
job  can  be  rated  as  very  good.  Line  and  surface  are  holding  well,  the  treated  ballast 
is  generally  tight  and  little  disturbance  is  noted.  Asphalt  and  cover  aggregate  adher- 
ence to  ties  and  tie  plates  remains  good. 

Some  spotting  was  required  in  1963  and  1964  on  both  test  and  control  sec- 
tions,  chiefly   at   the   joints.   Little   or   no   maintenance   has   been   required   since  on 
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cither    the    test   sections   or   the    adjacent   control    sections.    The    treatment    indicates 
additional  years  of  life. 

CHICAGO  &  NORTH  WESTERN  RAILWAY 

On  Aufjnst  12,  1966,  an  inspection  was  made  of  the  1.6-mile  asphalt  ballast 
test  section  on  the  Chicago  &  North  Western  Railway  near  Maywood,  111.  This 
qnartzite-ballasted  section  was  sprayed  in  1960  with  120-150  penetration  asphalt 
cement  at  the  rate  of  1.52  gal  per  sq  yd  followed  b\  the  application  of  (inartzite 
screenings. 

The  test  section  is  still  in  generally  good  condition.  The  cribs  are  tight  but 
there  is  disturbance  at  the  tie  ends.  Both  the  test  section  and  the  control  section 
have  developed  a  few  minor  rough  spots  from  time  to  time  and  have  required  some 
spotting.  There  is  evidence  of  pumping  at  se\eral  crossings,  at  several  insulated 
joints  and  at  a  bridge  approach  which  has  required  some  spotting.  With  these  few 
exceptions,  the  line  and  surface  are  apparently  good.  The  asphalt  has  adhered  well 
to  the  ties  but  the  cover  aggregate  is  generally  sparse.  Difficulty  was  experienced 
with  the  chip  spreader  during  application. 

The  railroad  reports  no  difference  in  the  maintenance  costs  of  the  treated  and 
untreated  track.  The  maintenance  costs  have  been  relatively  small  for  both  test  and 
control  sections  since  the  application  of  the  treatment. 

1959  AND   1960  BRIDGE  DECK  TREATMENTS 

PITTSBURGH  &  WEST  VIRGINIA   RAILWAY 

Almost  5  miles  of  bridge  decks  on  the  Pittsburgh  &  West  Virginia  Railway 
were  treated  with  asphalt  and  cover  aggregate  application  in  1959  and  1960. 
Asphalt  cement,  60-70  penetration,  was  applied  at  the  average  rate  of  1.29  gal  per 
sq  yd  followed  by  an  application  of  slag  screenings  at  the  average  rate  of  34.6  lb 
per  sq  yd. 

An  inspection  of  a  representative  number  of  the  treated  bridges  was  made  in 
1966.  In  the  1959  treatments,  the  ties  were  generally  well  coated  but  as  previously 
reported,  the  track  fittings  were  almost  completely  stripped  of  asphalt  and  cover 
aggregate.  In  the  1960  treatments,  coverage  and  adherence  of  asphalt  and  cover 
aggregate  to  the  ties  and  track  fittings  are  excellent.  Several  bridge  decks  on  the 
1959  treated  sections  are  presently  being  renewed.  These  decks  were  in  relatively 
poor  shape  at  the  time  of  the  treatment.  Maintenance  costs  have  been  negligible 
on  both  treated  bridges  and  untreated  control  sections. 

It  is  the  opinion  of  the  engineers  on  this  railroad  that  the  treatments  will  add 
several  years  to  the  life  of  the  bridge  decks. 

CHICAGO,    ROCK   ISLAND  &   PACIFIC  RAILROAD 

In  1960,  36,372  lin  ft  of  open-deck  bridges  on  the  Rock  Island  in  Arkansas 
and  Louisiana  were  treated  with  asphalt  applied  at  the  rate  of  1  gal  per  sq  yd. 
Of  this  total,  3,252  lin  ft  received  an  application  of  60-70  penetration  asphalt 
cement,  27,983  lin  ft  an  application  of  85-100  penetration  asphalt  cement  and  5,137 
lin  ft,  an  application  of  Texicote.  The  average  coverage  was  1.43  gal  per  sq  ft.  The. 
asphalt  application  was  followed  by  a  spread  of  chat  screenings  on  some  of  the 
bridges.  Some  of  the  bridges  were  only  partially  treated,  leaving  a  portion  untreated 
for   a    control   section. 
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A  representative  number  of  bridges  treated  with  each  of  the  three  grades  of 
asphalt  used  were  inspected  in  1965  and  1966.  In  general,  the  treatments  look  very 
good.  For  the  most  part,  there  were  good  coverage  and  adherence  of  the  asphalt. 
The  cracks  in  the  ties  were  adequately  sealed.  The  asphalt  in  all  cases  was  still  live. 
Very  little  or  no  difference  in  the  effectiveness  of  treatment  with  any  of  the  three 
asphalt  materials  used  could  be  noted. 

It  is  apparent  that  the  treatment  has  served  well  in  filling  cracks  and  slits  in 
the  ties  and  should  prolong  tie  life.  Some  difference  between  treated  and  adjacent 
untreated  ties  could  be  noted.  The  open  slits  and  cracks  in  the  untreated  ties  are 
generally  somewhat  larger  and  more  extensive. 

Reports  from  the  bridge  engineer  indicate  no  maintenance  expenditures  as  yet 
on  either  treated  or  imtreated  sections.  An  increase  of  three  to  five  years  in  the 
tie  life  is  expected  by  the  engineering  personnel  of  the  railroad 

SUMMARY 

The  maintenance  costs  are  generally  lower  for  the  test  sections  than  for  the 
control  sections  except  in  cases  where  subgrade  instability  existed  at  the  time  of 
asphalt  application.  The  average  cost  of  asphalt  ballast  treatment  for  all  installa- 
tions was  $1029  per  mile  of  track.  The  application  costs  include  only  work  train, 
labor  expense  and  material  costs,  and  some  of  the  asphalt  was  furnished  to  the  rail- 
roads at  a  relatively  low  price  through  the  cooperation  of  asphalt  producers.  The 
average  savings  in  maintenance  for  the  treated  sections  compared  with  the  untreated 
control  sections  was  $188  per  mile  of  track.  This  is  for  a  period  of  record  of  6  to  7 
years  and  does  not  include  the  sections  where  subgrade  instability  was  prevalent 
at  the  time  of  application  and  was  consequently  a  factor  in  excess  maintenance  for 
treated  sections. 

The  average  saving  in  maintenance  of  $188  per  mile  is  in  itself  not  impressive. 
There  are  factors  also  to  l^e  considered  which  tend  to  show  tliat  these  maintenance 
savings  figures  are  somewhat  misleading.  In  the  first  place,  the  cost  of  placing  a 
test  section  in  top  condition  before  the  asphalt  application  does  not  show  up  in 
construction  or  maintenance  costs  for  the  project.  Then  too,  tliere  is  a  tendency  for 
the  railroad  to  defer  maintenance  because  they  did  not  want  to  disturb  the  test 
section  or  because  the  test  section  was  more  difficult  to  work  than  the  adjacent 
untreated  track.  Finally,  when  it  becomes  necessary  to  restore  the  test  track  after 
completion  of  its  useful  life,  additional  expenditures  might  be  incurred  in  changing 
out  the  treated  ballast.  Another  aspect  to  be  considered  which  tends  to  place  the 
results  in  a  more  favorable  light  is  the  probable  increase  in  tie  life  as  a  result  of 
the  asphalt  application.  Although  this  factor  is  difficult  to  evaluate  it  very  possibly 
might  represent  the  greatest  potential  source  of  savings.  For  example,  if  we  have 
3250  ties  per  mile  costing  $6  per  tie  with  an  average  tie  life  of  30  years,  an  aver- 
age increase  in  tie  life  of  one  year  represents  a  savings  of  $650  per  mile.  It  is  not 
inconceivable  to  expect  an  average  increase  in  tie  life  of  two  years  or  more  by  virtue 
of  the  asphalt  application.  This  would  more  than  amortize  the  cost  of  the  treatment 
by  savings  in  tie  life  alone. 

The  average  cost  of  the  bridge  treatments  was  45.3  cents  per  tie.  An  average 
increased  tie  life  of  3  to  5  years  as  a  result  of  the  asphalt  application  seems  prob- 
able. Based  on  an  average  in  place  cost  of  ties  of  $25  each  and  an  expected  tie  life 
of  25  years,  this  could  mean  a  savings  of  $4  to  $5  per  tie. 
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In  reviewing  the  applications  and  the  effectiveness  of  treatment,  a  number  of 
points  come  to  mind.  The  track  to  be  treated  should  be  in  top  shape  before  the 
application  of  the  asphalt.  The  treated  track  is  harder  and  more  e.xpensive  to  work 
when  the  necessity  arises.  The  section  should  be  shaped  for  good  drainage  prior  to 
treatment.  The  treatment  will  facilitate  drainage  but  will  not  prevent  all  surface 
water  from  reaching  the  subgrade.  The  asphalt-treated  ballast  is  not  a  cure  for  sub- 
grade  instability  that  exists  at  the  time  of  application.  The  asphalt  application  is, 
however,  apparently  quite  effective  as  a  measure  for  preventing  dust  and  dirt  from 
adjacent  sources  from  ])lowing  in  and  fouling  the  ballast.  The  treatment  works  best 
on  continuous  welded  rail.  It  is  not  recommended  for  jointed  track.  Most  of  the 
maintenance  occurs  at  joints  and  road  crossings. 

The  asphalt  treatment  i-s  an  aid  to  holding  line  and  grade.  It  has  a  noise- 
dampening  effect — quieter  ride  on  treated  track.  Probably  the  greatest  potential 
saving  to  be  realized  from  the  asphalt  treatment  is  an  increased  tie  life.  This  is 
true  on  the  asphalt  ballast  sections,  and  is  even  more  noteworthy  on  bridges  where 
the  ties  are  considerably  more  expensive. 


Report  on  Assignment  1 1 

Control  of  Vegetation 
Collaborating  with  Communication  and  Signal  Section,  AAR 

D.  H.  Yazell  (chairman,  subcommittee),  C.  W.  Bailey,  R.  J.  Bruce,  T.  J.  Her- 
nandez, R.  J.  Kemper,  C.  F.  King,  T.  S.  Stone,  J.  P.  Taylor,  R.  D.  White. 

On  November  1  and  2,  1966,  Tuesday  and  Wednesday,  another  Vegetation 
Control  Conference  was  held  in  Chicago  under  the  sponsorship  of  the  Research 
Department  of  the  AAR  and  AREA  Committee  1 — Roadway  and  Ballast,  L.  J.  Deno 
being  chairman  of  Committee  1  and  D.  H.  Yazell,  chairman  of  Committee  I's 
Subcommittee  on   Control  of  Vegetation. 

There  were  137  registrants  split  about  equally  between  railroad  personnel  and 
suppliers  and  manufacturing  groups.  Assistance  was  received  from  four  specialists 
from  various  Universities  from  the  Midwest  and  South. 

During  the  two-day  conference,  comprehensive  coverage  was  given  to  railroad 
practices  and  to  available  chemical  aides  and  other  means  of  control  of  undesired 
weeds,  both  on  the  track  and  on  the  right-of-way. 


In  Bulletin  598,  February  1966,  pages  542  to  545,  inch,  your  committee 
presented  proposed  Manual  material  entitled  "Railroad  Vegetation  Control."  This 
material  has  been  reviewed  and  revised  and  other  material  added,  and  your  com- 
mittee now  presents  the  following  revised  version  for  adoption  and  publication  in 
the  Manual,  as  Part  9,  Chapter  1. 

RAILROAD  VEGETATION  CONTROL 

A.  TERMINOLOGY 

Acre — Along  railroad  right-of-way,  approximately  8  ft  wide  by   1   mile  long.   (Actually 
8   ft   3   in   wide.) 
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Adsorption' — The  adhesion  of  molecules  of   chemical  to  solids. 

Alternate  (leaves,  buds) — arranged  singly  at  intervals  along  stem  or  twigs,  not 
opposite. 

Conifers — Evergreen  needles,  producing  seed  in  a  cone. 

Deciduous — Leaves   fall   off   seasonally,   usually   in   .Autumn. 

Herbicide — Chemical  plant   killer: 

(a)  Contact — kills  top  growth  by  chemical  burning  of  plant  tissue. 

(b)  Systemic    (translocation) — kills  plants  by  inhibiting  growth   processes. 

(c)  Residual — kills  plants  by  root  pickup  and  persists  in  soil. 

LD.,.. — Is  the  oral  dose  of  chemical  that  killed  half  the  experimental  animals  (usually 
rats).  It  is  expressed  in  number  of  milligrams  of  chemical  per  kilogram  of  animal 
tested — the  higher  the  LD.--.  value,  the  lower  the  herbicide  toxicity 

Legume — A  plant  of  the  pea  family  of  the  one-  to  many-seeded  pod-like  fruit. 

Node — The  place,  sometimes  swollen,  on  a  stem  or  a  twig  where  a  leaf  is  attached  or 
a  leaf  scar  occurs. 

Opposite   (leaves,  buds) — Two  at  a  node,  in  opposing  pairs. 

Prostr.ate — Flat  on  the  ground. 

R.\TiNG — .\11  or  any  of  three  ways,  indicated  by  0  to  10,  0  percent  to   100  percent. 

(a)  By  general  weed  control  according  to  top  kill  or  amount  of  bare  ground. 

(b)  By  separate  rating  of  predominant  species. 

(c)  By  animals  or  perennials. 

Shrubs — A  woody  plant  usually  growing  with  several  equally  strong  stems  and  which 
attains  a  height  of  less  than  15  ft. 

Species — Plant  population  whose  individuals  freely  breed  with  one  another  and  which 
vary   only   slightly   from  one   another. 

Transpiration — Passing  of  water  through  a  plant  membrane. 

Tree — A  woody  plant  usually  with  a  single  main  stem  and  generally  attaining  a  tinal 
growth  of  20-ft  or  more. 

Weed — Any  plant  growing  where  it  is  not  wanted. 

(a)  Annual — lives  one  year. 

(b)  Biennial — lives  two  years. 

(c)  Perennial — lives  more  than  two  years. 

1.  Simple — large  taproot  like  dandelions — fibrous  root  system  like  certain  bunch 
grasses. 

2.  Creeping  (underground) — rootstocks  or  rhizomes  like  Johnson  grass,  Canada 
thistle,   Russian   knapweed  and   field  bindweed. 

A.  Bulbous — bulbs  or  nut   like  structures  like  wild  onion   or  nut  grass. 

Woody   Plant — Plants   with  stems  and  limbs  containing  lignin   (wood). 

B.   REASONS   TO   CONTROL   \EGETATION   ON   RAILROAD   RIGHT-OF-WAY 
I.   In  Ballast  Section 

(a)   Keep  ballast  draining  properly. 

Bui.  606 
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(b)  Enable   ties  and   fastenings   to   be  inspected    (including  switches,   etc.)- 

(c)  Prevent    wheel    slippage. 

2.  Shoulder  Adjacent  to   Ballast 

(a)  Better  drainage. 

(b)  Provide  walkway. 

(c)  Improve   sight    distances,   enabhng   better   inspection   of   trains. 

(d)  Reduce  fire  hazard. 

3.  Around   Bridges,   Buildings  and  Other  Structures 

Fire  protection. 

4.  Yards 

(a)  Safety. 

(b)  Facilitate  track  maintenance. 

(c)  Convenience  and  appearance. 

(d)  Reduce  fire  hazards. 

5.  Noxious  Weeds 

State  law  requirements. 

6.  Around  Switch  Stands,  Dwarf  Signals,   Mile  Posts  and  Whistle  Posts 

Sight. 

7.  Brush 

(a)  Around   inside   of   curves — to   allow   inspection   of   moving  trains. 

(b)  Under   communication   lines — uninterrupted   service. 

(c)  Adjacent  to  tracks — keep  from  fouling  trains. 

8.  At  Highway  Grade  Crossings 

(a)  Sight  for  highway  and  rail  traffic. 

(b)  Compliance  with  state  laws. 

C.  VEGETATION  CONTROL  METHODS 

1.  Weeds  and  Grass 

(a)  Burning — This  method  creates  fire  hazards  and  does  not  destroy  root  systems, 
enabling  rapid  regrowth.  Cost  is  comparable  to  chemical  programs. 

(b)  Mechanical: 

(1)  Mowing — Sickle  Bar  or  Rotary: 

a.  Crossings. 

b.  Rights-of-way — where    terrain    permits    and    where    required    by    local 
ordinances. 

c.  Shoulders  (on  track). 

(2)  Disking— Ballast. 

(c)  Chemical — Degrees  of  Control: 

(1)  Bare  Ground — Complete  elimination  of  vegetation  is  the  most  expensive 
degree  of  control.  Initial  high  rates  of  long  residual  chemicals  followed 
by  reduced  rates  are  required.  This  method  of  control  is  usually  desired 
around  timber  bridges,  switch  stands,  fuel  storage  tanks,  and  other  struc- 
tures and/or  areas. 
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(2)  Abatement  Programs — This  term  denotes  a  high  degree  of  vegetation 
control,  but  not  to  the  extent  that  bare  ground  is  obtained.  One  or  two 
treatments  are  necessary  per  growing  season,  depending  on  the  chemicals 
used,  the  problems,  and  length  of  the  growing  season.  Abatement  may 
vary  in  definition  as  to  percent  kill  or  control  desired.  Such  programs  are 
usually  desired  in  yards  and  terminals,  at  highway  grade  crossings,  on 
passing  tracks  and  sidings,  and  such  track  areas  as  ballast  sections  and 
road  shoulders. 

(3)  Chemical  Mowing — Weed  oils,  penta,  low  rates  of  sodium  chlorate,  etc., 
are  used  to  chemically  burn  down  vegetation.  Up  to  four  treatments  per 
year  may  be  necessary,  depending  on  rainfall  and  length  of  growing 
season.  Costs  of  most  treatments  are  comparable  to  that  of  abatement 
programs. 

(4)  Selective  Weeding — This  term  denotes  the  removal  of  some  species  of 
vegetation  without  damaging  the  desired  species.  It  has  a  very  limited 
application  on  railroad  rights-of-way  and  pertains  to  control  of  such 
species  as  bindweed,  Johnson  grass,  brush,  marsh  cane  and  other  noxious 
species  of  vegetation  indigenous  to  the  area.  This  requires  the  use  of  spe- 
cific chemicals. 

2.  Brush  Control 

(a)  Mechanical; 

( 1 )  Off-Track  Mowing,  where  terrain  permits.  Practiced  primarily  on  flat, 
rolling  or  open  rights-of-way  free  of  stumps,  stones,  etc.  The  roadbed 
structure  prohibits  extensive   use   of  this  type  of  equipment. 

(2)  On-Track  Mowing.  Practiced  where  traffic  density  permits.  Width  of  the 
mowed  area  is  limited.  Annual  cutting  may  be  required. 

(b)  Summer  Foliage  Treatments — These  materials  are  commonly  used:  2,4-D 
and/or  2,4, 5-T,  and  ammonium  sulfamate.  The  ammonium  sulfamate  solution  is  more 
expensive,  but  is  normally  used  adjacent  to  valuable  crop  areas  or  where  there  is  a 
predominance  of   conifers  and  other  species  that   are   resistant   to   hormones. 

(c)  Dormant  Cane — 2,4-D  and/or  2,4, S-T  in  oil  as  a  winter  stem  treatment  is 
effective  on  some  species  which  are  resistant  to  the  summer  foliage  treatment.  It  is 
comparable  to  the  ammonium  sulfamate  treatment  in  cost  and  costlier  than  2,4-D 
and/or  2,4, S-T  as  summer  foliage  treatment. 

(d)  Basal  Treatment — 2,4-D  and/or  2,4, 5-T  in  oil  applied  to  basal  area  of  plant 
or  stump  at  any  time  of  year.  It  is  regarded  as  an  individual  stem  treatment  and  is 
more  expensive  on  a  per-stem  basis  than  the  foliage  or  dormant  cane  methods.  It  is 
more  effective  on  some  species  and  is  practical  as  a  clean-up  treatment.  Can  be  used 
to  follow  up  mechanical  cutting. 

(e)  Soil  Applied  Chemicals — are  applied  to  the  soil  at  the  base  of  the  individual 
plant  or  clump.  This  method  is  more  expensive  on  a  per-stem  basis  than  the  foliage  or 
dormant  cane  methods.  It  is  more  effective  on  some  species  and  is  practical  as  a 
clean-up  treatment.  Can  be  used  to  follow  up  mechanical  cutting. 
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D.  UNCONTROLLABLE  FACTORS  WHICH  AFFECT  RESULTS 

1.  Soil  Type 

Soils  are  complex  and  vary  considerably  from  one  area  to  another  due  to  their 
composition.  The  basic  materials  from  which  soils  are  composed  are;  sand,  clays,  silt, 
organic  matter,  and  various  minerals.  The  nature  of  and  number  of  these  individual 
particles,  to  a  large  degree,  determines  what  happens  to  a  herbicide  applied  to  a  soil. 
For  mechanical  and  physical  characteristics  of  sand,  clay,  and  silt,  refer  to  Physical 
Properties  of  Earth   Materials,  Part   1,  this  Chapter. 

(a)  Sand  has  very  little  ability  to  hold  water  or  chemicals.  Chemicals  will  leach 
readily   in  soils  that  are  high  in  sand. 

(b)  Clay  soils  are  generally  more  impervious  to  water  and  chemicals,  and,  be- 
cause of  the  small  size  and  high  number  of  particles,  can  tie  up  a  sizeable 
percentage  of  herbicide  by  adsorption.  Clays  vary  in  their  adsorption  charac- 
teristics; for  instance,  clays  of  the  Midwest  may  be  as  much  as  three  times 
more  adsorptive  than  clays  in  the  South  and  Southwest. 

(c)  Silt  is  comparable  to  sand  in  its  adsorptive  properties. 

(d)  Organic  content  is  important  to  characteristics  of  a  soil.  Organic  matter  is 
similar  to  clay  in  its  ability  to  tie  up  chemicals  by  adsorption.  It  is  also  a 
media  for  microscopic  life,  many  chemicals  being  attacked  and  broken  down 
by  soil  microbes.  If  a  chemical  is  subject  to  microbial  breakdown  its  life  in 
organic  soils  is  usually  shortened. 

Generally  speaking,  sandy  soils  require  less  chemical  to  do  a  specific  job,  but  the 
chemical  will  leach  through  the  soil,  resulting  in  a  shorter  residual  weed  control. 
Organic  soils  containing  high  organic  or  high  clay  content  require  more  chemical  to 
achieve  a  given  degree  of  weed  control  and  will  require  a  greater  time  to  carry  the 
chemical  into  the  root  zone,  but  the  chemical  may  remain  in  the  soil  over  a  longer 
period  of  time. 

2.  Species  of  Vegetation 

The  type  of  vegetation  is  important  in  selecting  herbicides  because  effectiveness 
varies.  Plants  var;y  in  their  susceptibility  to  certain  chemicals.  Broadleafed  plants  are 
susceptible  to  phenoxy  herbicides,  and  narrow-leaf  plants  or  grasses  are  susceptible  to 
grass  killers.  In  addition,  the  weeds  or  grasses  which  are  classified  as  annuals  are  more 
easily  controlled  by  a  pre-emergence  application  of  a  residual  compound,  and,  con- 
versely, weeds  and  grasses  and  woody  vines  which  are  perennials  have  a  root  system 
which  remains  alive  from  year  to  year  and  are  more  difficult  to  control.  Tyi>es  of 
vegetation  vary  considerably  from  area  to  area,  depending  on  rainfall,  soil  types, 
length  of  growing  season,  and  introduced  species.  A  knowledge  of  species  is  essential 
to  one  responsible  for  vegetation  control. 

3.  Rainfall 

Rainfall  is  a  primary  factor  in  determining  the  herbicide  to  be  used,  as  to  a  large 
degree,  the  amount  of  water  determines  the  types  of  plants  that  will  grow  in  a  specific 
area.  It  is  also  necessary  to  dissolve  many  herbicides  to  make  them  available  to  the 
weeds. 

During  drought  periods,  plants  usually  undergo  growth  stress  conditions,  causing 
most  translocated  chemicals  to  perform  poorly.  Contact-type  chemicals  usually  do  not 
perform   well   under   drought   conditions  as   the  plants  produce  heavy,   waxy   or  corky 


R  o  a  d  vv  a  \-    and    Ballast 519 

layers  of  tissue  on  leaves  or  stems  in  order  to  protect  against  excessive  transpiration 
losses.  As  residual-type  chemicals  require  moisture  for  activation,  application  during 
dry  spells  means  inactivation  of  the  chemical,  as  it  will  remain  on  the  soil  surface  until 
moisture  is  received  to  dissolve  and  carry  it  into  the  root  zone.  Generally  speaking, 
lower  soluble  compounds  are  used  in  heavy  rainfall  areas  and  higher  soluble  com- 
pounds in  arid  or  semi-arid   regions. 

4.  Length  of   Growing  Season 

Along  with  soil  type  and  rainfall,  length  of  growing  season  is  an  important  factor 
in  selecting  the  proper  herbicide.  Xormally,  the  longer  the  growing  season  the  more 
resistant  is  the  vegetation  which  prevails,  necessitating  higher  rates  in  order  to  realize  a 
higher  degree  of  control  through  the  longer  growing  season.  Also,  the  combination  of 
long  growing  season  and  high  rainfall  during  growing  season  tends  to  leach  residual 
chemicals  below  root  zone.  Multiple  apphcations  usually  become  necessary  when  long 
growing  season  is  combined  with  high  rainfall. 

5.  Soil  Micro-Organisms 

As  explained  in  Art.  1  above,  soil  micro-organisms  are  supported  by  organic  soils. 
Soil  micro-organisms  attack  some  chemicals  and  break  down  their  composition,  actually 
changing  them  to  other  chemical  compounds  which  no  longer  have  herbicidal  action. 

6.  Temperature 

Temperature  and  moisture  largely  determine  the  species  to  be  found  in  an  area. 
Germination  of  a  seed  and  growth  of  perennials  are  directly  related  to  temperature  of 
the  soils.  Many  chemicals,  especially  contacts  and  some  translocated  chemicals,  act 
faster  and  more  effectively  in   temperatures  of  over  80  deg.  F. 

7.  The  Sun 

The  number  of  hours  of  sunlight  per  day  affects  the  growth  of  the  plant,  specifi- 
cally by  the  manufacture  of  plant  food  by  the  chlorophyll.  The  sun  also  has  an  ad- 
verse affect  on  some  chemicals,  sunlight  acting  as  a  catalyst  in  the  breaking  down  of 
the  compounds. 

E.  RAILROAD  RELATED  FACTORS  IX  VEGETATION  CONTROL 

1.  Kind  of  Track 

The  kind  of  track  will  determine  the  degree  of  control  as,  in  all  probability,  con- 
trol will  be  greater  in  yard  tracks  than  on  little-used  branch  lines  and  sidings.  More 
effort  will  be  made  and  more  money  can  be  spent  in  keeping  ballast  weed-free  on 
high-speed   heavy-density-traffic   main   line  than   on   lesser-density   tracks. 

2.  Condition  of  Track 

Ballast  type  is  important  in  effecting  a  high  degree  of  control  as  it  is  easier  if  well 
drained,  good-grade  ballast  is  used;  in  fact,  good  weed  control  is  an  important  factor 
in  keeping  ballast  from  becoming  fouled.  On  secondary  main  lines  with  poor-grade 
ballast,  a  high  degree  of  weed  control  is  usually  not  economically  feasible;  however,  a 
certain  degree  of  abatement  is  necessary  to  permit  inspection  of  track  and  reduce 
maintenance  costs. 

3.  Money  Available 

The  ideal  condition  is  to  have  money  available  to  secure  desired  weed  control  at 
all  facilities.  Whenever  this  is  not  practicable,  locations  where  adequate  weed  control  is 
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desired  should  be  selected  and  money  spent  at  these  locations,  rather  than  trying  to 
spread  inadequate  treatments  over  the  railroad  and  not  obtaining  satisfactory  control 
anywhere.  In  other  words,  determine  ahead  of  time  which  facilities  can  be  treated 
properly  with  the  amount  of  money  available  and  do  not  try  to  spread  the  chemical 
too  thin.  Consideration  should  be  given  to  narrowing  the  treated  swath  or  reducing 
the  number  of  miles  when  enough  money  is  not  available. 

4.  Degree  of  Control  Desired 

The  degree  of  control  desired  should  be  determined  by  the  officer  responsible  for 
maintenance  on  the  railroad.  The  degree  of  weed  control  can  usually  be  predicted  and 
must  be  balanced  with  the  money  available.  Degree  of  control  will  also  depend  upon 
the  location;  that  is,  bare  ground  under  bridges,  etc.,  and  different  degrees  of  abate- 
ment at  other  locations.  It  might  even  be  desirable  to  have  different  degrees  of  control 
in  a  swath  area  across  the  track.  For  example:  a  higher  degree  of  control  is  desired  at 
the  intersection  of  the  shoulder  and  the  ballast,  and  also  a  high  degree  within  the 
ballast  area.  Outside  shoulder  areas  may  require  only  a  "knockdown."  Control  on  sec- 
ondary branch  lines  may  only  require  that  weeds  be  kept  from  rail  area  to  prevent 
wheel  shppage  or  in  certain  years  to  have  a  weed-free  condition  to  facilitate  renewing 
cross  ties,  surfacing,  etc. 

5.  The  Application 

A  chemical  is  only  as  good  as  its  application.  This  implies  not  only  that  the  proper 
rate  be  applied  but  that  proper  timing  be  adhered  to.  A  soil  sterilant  that  has  no  con- 
tact action  should  not  be  applied  as  a  post-emergence  application.  Conversely,  a  con- 
tact herbicide  should  not  be  applied  as  a  pre-emergence,  and  there  are  many  degrees 
in   between   in   which   good  judgment  must  be   used. 

6.  Treatments 

A  good  program  will  first  strive  to  clean  up  the  predominant  vegetation  during  the 
first  two  or  three  years  and  then  follow  with  a  maintenance  treatment  that  will  main- 
tain whatever  degree  of  control  is  desired.  Usually,  the  first  year  the  annuals  will  be 
eUminated.  After  the  first  year,  attention  can  be  directed  to  whatever  perennials  sur- 
vive. Where  perennials  have  been  controlled,  a  pre-emergence  maintenance  rate  wiU 
usually  suffice.  If  perennials  continue  to  be  a  problem,  a  specific  treatment  may  be 
required. 

7.  Company  Policy 

Management  may  direct  that  certain  chemicals  not  be  used.  This  is  usually  based 
on  previous  poor  experiences  and  is  generally  directed  at  those  chemicals  which  have 
caused  troubles  through  claims,  etc.,  such  as: 

(a)  Phenoxy   compounds    (2,4-D   &   2,4,5-T) — drift   qualities. 

(b)  Inorganic  arsenicals  and  others — LDso  and  dermal  toxicity. 

(c)  Chlorates — fire  hazards. 

Management  should  familiarize  themselves  with  characteristics  of  herbicides  before 
approval  of  use  on  property.  It  is  management's  prerogative  to  establish  specifications 
and   eliminate   herbicides   which   may   cause   poor   public   relations. 

F.  EVALUATING  RESULTS 
Periodic   inspections   are   necessary   for   proper   evaluation: 
L  Topkill — about   2   weeks  after  application. 
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2.  Bare  ground — about  60  days  after  application  to  end  of  growing  season. 

3.  Percent  control  by  dominant  vegetation. 

G.  NEED  FOR  PROGRAMMING  IX  RAILROAD  \EGETATION  CONTROL 

There  is  need  for  long-range  as  well  as  short-term  programming  when  planning 
vegetation  control  programs.  All  chemicals  have  a  certain  amount  of  selectivity  in  that 
they  will  control  some  weed  and  grass  species  but  not  others.  Also,  Mother  Nature  has 
the  ability  to  replace  one  stand  of  vegetation,  which  is  susceptible  to  a  given  treat- 
ment, with  another  which  is  resistant  to  that  treatment.  The  continued  use  of  the  same 
treatment  usually  results  in  the  replacement  of  one  group  of  species  with  another,  ex- 
cept in  bare-ground  programs  where  residuals  are  used  at  rates  sufficiently  high  to 
control  all  species. 

1.  It  is  usually  sound  to  base  a  program  on  a  long-term  basis  around  a  good 
residual  material  which  will  give  good  control  of  seedlings  as  well  as  assist  in 
controlling  the  hard-to-kill  perennial  types.  As  one  group  of  plants  is  replaced 
by  another  group,  the  need  arises  for  a  change  to  combinations  of  specific 
materials   that  will   control  the  encroaching.  Some  examples  of  encroachment: 

(a)  Continued  usage  of  chlorates  in  the  Southwest  results  in  good  control  of 
Johnson  grass  and  annuals,  but  Bermuda  grass  and  vines  (resistant  to 
chlorates)   flourish. 

(b)  In  some  areas  of  the  Midwest,  continued  usage  of  contact  materials  or 
residuals  at  low  rate  has  resulted  in  the  encroachment  of  perennials  such 
as  Johnson  grass,  Bermuda  grass,  bindweed,  giant  smart  weed,  horsetail, 
chord  grass,  bouncing  bet,  etc. 

(c)  In  areas  with  15  to  20  in  of  annual  rainfall,  the  situation  similar  to  No.  2 
is  occurring  in  that  the  annuals  are  being  replaced  by  hard-to-kill 
perennials. 

2.  In  right-of-way  brush  control,  the  use  of  one  chemical  method  over  a  period  of 
years  usually  results  in  good  control  of  species  susceptible  to  that  method,  but 
may  cause  a  build-up  of  resistant  species.  It  will  then  be  necessary  to  change  to 
a  more  effective  treatment.  As  the  resistant  species  continue  to  build  up,  it  is 
necessary  that  treatments  such  as  dormant  cane,  basals,  and  soils  be  included  in 
the  overall  program. 

3.  Long-range  programming  from  the  standpoint  of  setting  up  funds,  proper  ap- 
plication of  the  treatment,  basing  the  program  around  a  few  good,  proven 
herbicides  is  necessary.  Specific  treatments  or  chemicals  will  have  to  be  consid- 
ered from  one  year  to  the  other,  in  order  to  combat  the  resistant  encroaching 
species. 


LEVELLING,  LINING,  TAMPING... 

in  ONE  OPERATION,  with  ONE  OPERATOR 


.ELECTRONIC 
REFERENCE 


.  FEELER 
detects  position 
of  track  in  spiral 
or  curve  at  every 
tie  and  feeds 
inlormation  to 
"Auto-Control" 


UNER  UNIT 


WORKING 
SHADOW  BOARD 
controls  lining  at 
point  where 
lilting,  levelling 
and  temping^ 
Is  done. 


RECEIVER 
BUGGY 
"Auto-Control" 
continuously 
positions 
receivers 
electronically  to 
satisfy  ideal  curve 
requirements  and 
establishes 
required  amount 
ol  track 
correction. 


The  Autojack  Electromatic 
with  Autoliner  leads  the  way 
through  these  advantages: 

•  Gives  the  highest  possible  degree  of  accuracy  by  electronic 
beams  projected  100  feet  in  advance  of  where  levelling, 
lining  and  tamping  are  taking  place. 

•  Automatic,  continuous  operation  for  both  tangent  and 
curve  track.* 

•  No  plotting  of  spirals  or  curves  required.  Machine  computer 
as  it  runs  for  the  best  transition. 

•  No  disturbing  or  humping  of  track  — lining  takes  place 
simultaneously  with  lifting  and  tamping  ahead  of  tamping 
tools. 

•  With  the  Autoliner,  it  is  possible  to  make  a  minute  throw 
and  have  it  stay  there  because  tamping  is  done  in  correct 
alignment. 

•Model  ALT  for  Tangent  track  and  Model  ALC  for  Tangent 
and  Curve  Track,  both  available  as  attachments  for 
existing  AUTOJACK  ELECTROMATICS. 
TAMPER    INC. 

Head  Office  &  Plant— 2401  Ed- 
mund Rd.,  West  Columbia  (Colum- 
bia),   S.    C. 

29169    .   803/794-9160 
Plant  — 160    St.    Joseph    Blvd., 
Lachine   (Montreal),   Que.,   Canada 

•  514/637-5531 

Parts  Depot — 2147  University 
Ave.,  St.  Paul,  Minn.  55115  • 
612/5055 

Information  on  the  Autoliner  and  Auto- 
jack Electromatic— or  other  track  main- 
tenance machines,  is  available  on 
request. 
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Hubbard  Super  Service  Alloy  Spring  Washers 

Hubbard  Super  Steel  Alloy  Spring  Washers 

Hubbard  Track  Tools 


UNIT  RAIL  ANCHOR  COMPANY 

Newark  Pittsburgh 


lil  Anchor       ^. 

UNIT  RAIL  ANCHOR  DIVISION 

UNIT  RAIL  ANCHOR  COMPANY 

NEWARK  PITTSBURGH  CHICAGO 


ROOTS  AND  LOADS  TIES 


LAYING  WELDED  RAIL 


MODEL  441 

Developed  and  Built 
for  Railroad  Maintenance 

180°  BOOM  SWING 

dOBS  ALL  JOBS! 


CUTS     MAINTENANCE     COSTS 


72  FAST  CHANGE  ATTACHMENTS 


•  Forks 

•  I'i   Cu.  Yd.   Bucket 

•  Tote  Hook 

•  18'  Boom   Extension 

•  Fork  Tie   Baler 

•  Track   Cleaning    Bucket 


•  Back   Hoe 

•  Clamshell 

•  Back   Filler  Blade 

•  Pull   Drag   Bucket 

•  4  Cu.   Yd.   Snow  Bucket 

•  Pile  Hammer 


Optional   Attachment 
Flanged   Wheels,   Hydraulically   Controlled 


9'  WIDE  TRACK  CLEANING  BUCKET* 


PETTIBONE  MULLIKEN  CORPORATION 

RAILROAD;:^^^D|VISION 

141    W.   JACKSON^*:^!^^**^  CHICAGO  4,   ILL 

80  Yeofs  of  Service 
fo  the  Railroad  Industry 


CHOOSE  FROM  OUR 

FULL  LINE! 


Ka.\\Roa.d 


lONVERSION  UNIT 


50%  LIGHTER 
100%  RELIABLE 

Shown  above  is  the  new,  lighter-weight  Model  C-62  Cox  Rail-Road  Conversion 

Unit  featuring  tuck-under  design,  reducing  unsightly  overhang.  Maintains  excellent 

highway  clearance.  Side  handle  actuation  with  automatic  locking  bars  for 

positive  rail  and  highway  "lock-up".  Torsion  bar  suspension  gives  "full  floating"  ride. 

Complete  package  kits  for  simplified  installation  in  your  own  shop . . . 

or  fully  equipped  vehicle  of  your  choice  available. 

Ask  about  the  full  line  of  Cox  Rail-Road  Conversion  Units . . .  from  passenger-type 

vehicles  to  heavy-duty  trucks  rated  at  72,000  GVW. 

Complete  specifications  and  performance  data  on  request. 


^nvrt&^e, 


vMiiMMifl^ 


580  WEST  HIGHWAY  54 


CAMOENTON,  MISSOURI 


65020 


ADDRESS 
DEPARTMENT  40 


'^fe^^  WELDED 

RAIL 
TRANSPORT 


another  development 

ofNOG--. LINK-BELT  teamwork  in 

engineering  and  manufacture 


CHECK  THESE 

SERVICE  PROVEN 

POINTS 


NCG 


I  Sturdy  open-span  construction— 

for  work  saving  feed-in; 
for  picking  up  jointed  re-lay  rail;  maintains 
best  riding  quality  by  keeping  rails  in 
original  sequence  for  welding. 
I  Positive  double  tie-down  unit. 
I  Simplified  low  maintenance. 
I  Rollers  life-lubricated. 
I  Hydraulically  adjustable  rollers  and  power- 
operated  unloading  equipment  included. 
One  to  six-tier  units. 

©  1963,  Chemetron  Corporation 

NATIONAL  CYLINDER  GAS 

DIVISION   OF   CHEMETRON   CORPORATION 
[chemetron] 


Railroad  Equipment  Department    •  840  North  Michigan  Avenue,  Chicago,  Illinois  60611 


p.    &    M.    PRODUCTS 

•  IMPROVED    FAIR    Rail  Anch. 

•  XL-1  FAIR  Rail  Anchors 

•  FAIR-FLEX  Concrete  Tie  Fasteners 

RAIL   JOINT   PRODUCTS 

•  Rajo  Joints 

•  Rajo  Insulated  Joints 

•  Rajo  Compromise  Joints 

•  Rajo  Fibre  Insulation 


MAINTENANCE    EQUIPMENT   PRODUCTS 

•  Meco  Rail  and  Flange  Lubricators 

•  MACK   Reversible 
Switch  Point  Protectors 


PEERLESS    EQUIPMENT   PRODUCTS 

•  Draft  Gears 


IN   CANADA: 
I  The  P.  &  M.  Company  Limited 


1 799 AB 


PRODUCTS  OF  PROGRESS 


POOR   &   COMPANY 

Railway  Products  Division,   80   E.  Jackson  Blvd.,  Chicago,   III.  60604 
90  West  Street,   New  York,    N.  Y.  10006 


CF&I  Service  in  Steel 

lielps  lieep'em  rolling 


withtechni-  .^ 

cal  assistance  and 
on-time  delivery  of  tliis 
long  line  of  rugged  products 
developed  through  more  than  80 
years  of  teamwork  with  railroads:  rails, 
including  Hi-Si®    •     joints,  tie-plates, 
spikes,  bolts,  and  special  accessories  • 
barbed  wire  •  billets  and  blooms  •  fence 
posts  •  Cinch®  Fence  Stays  •  woven  wire 
fence  •  merchant  bars  and  shapes  •  wide 
flange  beams  and  other  structurals  •  nails 
and  staples  •  high  and  low  carbon  round 
and  flat  wire   •   cold  rolled  steel   • 
welded  wire  fabric  •  wire  rope  and 
slings  •  prestressing  strand  and 
wire  •  tubing  •   reinforcing         ^ 
bars  •  grader  blades  •  gal-       .J^       / 
vanized  steel  strand.  '^      y 

CFftI  STEEL  y/^     / 

CORPORATION       X     / 

DENVER,      ^   /        /  «" 

COLO. 


Assure  lower  maintenance  costs, 
better  performance  with... 

I      TEXACO     I 

Petroleum  Products  and     | 
I      Systematic  Engineering     | 

Service  I 


TEXACO  INC. 

RAILWAY  SALES  DIVISION 

135  East  42nd  St.,  New  York  17,  N.  Y. 
NEW  YORK  .  CHICAGO  •  SAN  FRANCISCO  •  ST.  LOUIS  •  ST.  PAUL  •  ATLANTA 


WOODINGS-VERONA  TOOL  WORKS 


y^  Pioneer  Manufacturers 

of 

HIGH  GRADE  TRACK  TOOLS 

and 

SPRING  WASHERS  FOR  TRACK 

Since   1873 

VERONA,  PA.  CHICAGO.  ILL. 


"0 

WOODINGS  FORGE  &  TOOL  COMPANY  ' 

Makers 

of 

WOODINGS  RAIL  ANCHORS 

VERONA, 

PA. 

CHICAGO. 

ILL. 

TRACK  SPECIALTIES 


"Quality  Trackwork  Since   1884" 


Frogs    •    Switches    •    Crossings    •    Guard   Rails    •    Standard   and   Manganese   Switch 
Point   Guards    •    Standard   and   Automatic   Switch   Stands    •    Mechanical   Switchman 

*  Rerailers    *     "Cleveland    Adjustable"    and    "Evertite"    Rail    Braces    *    Cleveland 
Rocker  Clips   and  Vertical   Rods    *    Gage   Rods    *    Connecting   Rods   *    Rail   Fasteners 

*  Rail  Clips   •   Cast  Manganese  Steel  Guard  Rails  *   Adjustable  Guard  Rail  Clamps 

•    Rail    Threaders    •    Welded    Rail 
Pettibone    Speed    Swing    Models   441 A   &   442 A    •    Bucket   Loaders    •    Track   Cranes 

*  Motor    Graders     •     Material    Handling    Equipment     •     Pettibone    Multi-Kranes 

15000/70000    Capacities    •    Mercury    Lift    Trucks 

CLEVELAND 
FROG  AND  CROSSING  CO. 

6917   Bessemer  Ave.   S.E.  Cleveland,   O.   44127 

216/641-4000 


THE  DOUBLE  U  RAIL  ANCHOR 

ACHUFF  RAILWAY  SUPPLY  CO. 
ST.  LOUIS,  MO. 


How  many  miles  of  RAIL  ANCHORS 
do  you  have  to  reset? 


Unless  you  already  have  an  effective  anchor 
tightening  program,  chances  are  many  rail 
anchors  installed  on  your  line  two  or  more 
years  ago  have  pulled  away  from  the  ties.  It's 
easy  to  see  that  these  loose  anchors  are  not 
doing  the  job  for  which  they  were  intended, 
and  might  just  as  well  not  be  there. 

Tightening  anchors  by  hand  is  impractical.  Even 
if  you  could  afford  enough  manpower,  driving 
anchors  longitudinally  with  a  maul  reduces 


their  holding  power.  And  of  course  replacing 
all  loose  anchors  is  far  too  expensive. 
The  only  practical  —  and  economical  —  answer 
is  a  Racine  Anchor-Tight.  One  machine  can 
reset  up  to  11/2  miles  of  anchors  100%  tight 
against  the  ties  in  a  single  day. 

To  get  full  efficiency  from  your  rail  anchors, 
and  reduce  track  lining  and  resurfacing,  put 
Racine  Anchor-Tight  to  work  now.  Call  your 
Racine  Distributor  or  write  for  details.  :„..2 


RACINE  HYDRAULICS  &  MACHINERY,  INC. 

^;y^^m^(^  MACHINERY  DIVISION       •       RACINE,  WISCONSIN  53404 
Racine   has  the  tool  for  the  job  ^HdPPP^ 

ANCHOR-FAST  •   ANCHOR-TIGHT  •   RAIL  SAW  •  RAIL  DRILL  •   KROP-MASTER    •   OIL  PRESSOR   •   UNIT  TAMPER   •   TRACK  GAUGER 


ECONOMICAL  TRACK  DRAINAGE 
m.  l^£/\/0\  B^ll^st  Cleaning 


The  transformation  in 
drainage  conditions  shown 
In  these  photos  was 
accomplished  with  a 
SPEND  Ballast  Cleaning 
Machine . . .  Time  Tested 
—  and  Proved— Year 
after  Year  on  the  railroads 
of  the  Nation. 

For  just  a  few  pennies 
per  track  foot  you  can 
have  good  track  drainage 
that  saves  maintenance 
dollars. 


Write  or  telephone  for  a  Ballast 
Cleaning  program  for  your  railroad. 


Canadian  Sales  Representative:  The  Holden  Co.  limited,  614  SL  James  St  W, 
Montreal  3,  Quebec,  Canada    Phone:  514  S49-8131 


THE  TRASCO  CAR   RETARDER 

HUNDREDS  IN  SERVICE 
IN  CLASS  YARD  TRACK 


TRACK  SPECIALTIES  COMPANY 

P.O.  BOX  729  WESTPORT,   CONNECTICUT 
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PROGRAM 

Sixty-Sixth  Annual  Meeting 

Conrad  Hilton   Hotel,   Chicago 

March  9-10,   1967 

Thursday,   March   9 

Waldorf    Room — 9:00    am    to    11 :50   am 

Invocation — Dr.   Kenneth  Hildebrand,  Pastor,  Central  Church  of  Chicago. 

Recognition  of  speaker's  table  guests. 

Presidential  Address — J.  M.  Trissal,  Vice  President,  Illinois  Central  Railroad. 

Report  of  Executive  Secretary — Earl  W.   Hodgkins. 

Report  of  Treasurer — A.  B.  Hillman,  Jr.,  Chief  Engineer,  Belt  Railway  Company  of 
Chicago. 

Greetings  from  the  Railway  Engineering-Maintenance  Suppliers  Association — Chas. 
J.  Miller,  President. 

Greetings  from  the  Combined   Railway  Suppliers  —  Kenneth  Gavins,   Permanent 
Chairman. 

Keynote   Address   by   R.    R.    Manion,   Vice   President,    Operations   and    Maintenance 
Department,  AAR. 

Bulletin 

Reports  of  Committees  Numbers 

27 — Mainteneance  of  Way  V^ork  Equipment  ( 10:00)    603 

1.3 — Water,   Oil  and  Sanitation  Services   ( 10: 14)    602 

18— Electricity    ( 10:29)    603 

9— Highways    ( 10:44)    602 

Address — Evaluation  of  Railroad  Air  Rights  for  Highway  Use  (Illus- 
trated), by  R.  E.  Skinner,  Assistant  to  Chief  Engineer,  Illinois 
Central  Railroad. 

16 — Economics  of  Railway  Location  and  Operation   (11:18)    602 

22 — Economics  of  Railway  Labor   ( 11 :32 )    603 

527 


Annual    Luncheon 

Williford    Room — 12:00    noon 

Presentation  of  those  at  speaker's  table. 

Presentation  of  those  at  chairmen's  table. 

Announcement  of  results  of  election  of  officers. 

Address — Full  Speed  Into  the  Future,  by  W.  A.  Johnston,  Chairman  of  the 
Board,  Illinois  Central  Railroad. 


Waldorf   Room — 2:00   pm   to    5:07   pm 

New  AAR  Motion  Picture — New  Directions  in  Modern  Railroading. 

Bulletin 
Reports  of  Committees  Numbers 

7— Wood  Bridges  and  Trestles   ( 2:30')    604 

15 — Iron  and  Steel  Structures   (2:42)    604 

6— Buildings    (3:00)     604 

Address — Relocatable  Structures  (Illustrated),  by  T.  R.  Arnold,  General 
Manager,  Richardson  Homes  Corp. 

11 — Engineering  and  Valuation  Records  (3:43)    603 

30 — Impact  and  Bridge  Stresses  (3:55)    604 

3— Ties  and  Wood  Preservation  (4:07 )    602 

8— Masonry    (4:24)    604 

Motion  Picture — Concrete  Crossties  Come  of  Age  on  American  Rail- 
ways, with  introductory  remarks  by  G.  F.  Leyh,  Railway  Repre- 
sentative, Portland  Cement  Association. 


Friday,  March    10 

Waldorf   Room — 9:00   am   to    12:45    pm 

1— Roadway  and  gallast  (9:00)    605 

4— Rail   (9:22)    605 

25— Waterways  and  Harbors    (9:37)    603 

14— Yards  and  Terminals    (9:46)    602 

Motion  Picture — Piggyback  Operations  Using  the  "Strad-L-Port"  Crane. 
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2()_Contract  Forms   ( 10:23 )    602 

24 — Cooperative  Relations  with  Universities   (  10:43)    603 

28— Clearances  (11:05)   603 

5— Track    (11:19)    605 

31— Continuous  Welded  Rail   (11:35)    605 

Motion  Picture — Granite  Metamorphosed,  with  introductory  remarks  by 
D.   H.   Shoemaker,  Chief  Engineer,  Northern  Pacific  Railway. 

Closing  Business  Session    (12:15) 
Installation  of  Officers 
Adjournment   (12:45  pm) 


Nominating   Committee — 1967  Election 


Past  Presidents 

R.   H.   Beeder,  Chairman 

Chief  Engr.  Sys.,  A.  T.  &  S.  F.  Ry. 

C.  J.  Code 

Retired  Asst.  Chief  Engr.,  P.  R.  R. 

L.    A.    LOGGINS 

Chief  Engr.,  S.  P.  Co.,  T.  &  L.  Lines 

T.  F.  BuRRis 

Retired  Cen.  Mgr.  C.  &  M.  W.,  C.  &  O. 
Ry.-B.  &  O.  RR. 

A.  V.  Johnston 

Chief  Engr.,  C.  N.  Rys. 


Elected  Members 

J.  W.  Davidson 

Engr.  of  Bridges,  C.  B.  &  Q.  RR. 

E.  H.  Waring 

Chief  Engr.,  D.  &  R.  G.  W.  RR. 

J.  F.  Davison 

Asst.  to  Chief  Engr.,  C.  N.  Rys. 

W.  R.  Bjorklund 

Dir.— Ind.   Engrg.,   N.   P.   Ry. 

J.  M.  Salmon,  Jr. 

Chief  Engr.,  Clinchfield  RR. 


The  foregoing  committee,  which  is  composed  of  the  five  latest  living  past  presi- 
dents of  tlie  Association  and  five  elected  members  of  tlie  Association  who  are  not 
past  presidents,  formulated  their  official  slate  of  nominations  at  a  meeting  in 
Chicago  on  September  26,  1966,  which  nominations  were  presented  to  letter  ballot 
vote  of  the  membership  with  the  January-February  1967  issue  of  the  AREA  News. 
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Successful   Candidates  in   1967  Election  of  Officers 
and  Members  of  Nominating  Committee 

For  President: 

T.  B.  HuTCHESON,  Chief  Engineer,  Seaboard  Air  Line  Railroad,  Richmond,  Va. 
(now  Assistant  Vice  President — Engineering,  Seaboard  Coast  Line  Rail- 
road). 

For  Senior  Vice  President:" 

H.  E.  Wilson,  Assistant  Chief  Engineer,  System,  Atchison,  Topeka  &  Santa  Fe 
Railway,  Chicago. 

For  Junior  Vice  President: 

H.  M.  Williamson,  Chief  Engineer,  System,  Southern  Pacific  Company,  San 
Francisco,  Calif. 

For  Directors: 

E.  Q.  Johnson,  Chief  Engineer,  Norfolk  &  Western  Railway,  Roanoke,  Va. 
R.  M.  Brown,  Chief  Engineer,  Union  Pacific  Railway,  Omaha,  Neb. 
J.  M.  Salmon,  /r.,  Chief  Engineer,  Clinchfield  Railroad,  Erwin,  Tenn. 
E.  H.  Waring,  Chief  Engineer,  Denver  &  Rio  Grande  Western  Railroad,  Den- 
ver, Colo. 

For  Members  of  the  1967  Nominating  Committee: 

C.  W.  Wagner,  Engineer  of  Tests,  Canadian  National  Railways,  Montreal,  Que. 

D.  V.  Sartore,  Chief  Engineer,  Chicago,  Burlington  &  Quincy  Railroad,  Chicago. 
B.  J.  WoRLEY,  Vice  President  and  Chief  Engineer,  Chicago,  Milwaukee,  St.  Paul 

and  Pacific  Railroad,  Chicago. 
R.   G.   Garland,   Engineer  of  Track,  Atchison,  Topeka  &  Santa  Fe   Railway, 
Chicago. 


*  Under  the  provisions  of  the  constitution,  H.  E.  Wilson  advances  automatically  from  junior 
vice  president  to  senior  vice  president. 


Committee  of  Tellers — 1967  Election 

The  following  committee  was  appointed  to  canvass  the  ballots  for  officers  and 

for  members  of  the  Nominating  Committee,  the  count  being  made  on  March  9: 

J.  E.  Wiggins,  Chairman       R.  M.  Kionka  J.  P.  Sierzeva 

W.  F.  Arksey                          R.  E.  Kuston  F.  H.  Smith 

R.  J.  Basquin                          G.  W.  Mahn,  Jr.  W.  S.  Stokely 

J.  E.  Beran                              D.  J.  Moody  T.  A.  Tennyson 

A.  H.  Galbraith                    L.  R.  Beattie  W.  S.  Tuinstra 

C.  E.  Gilley                           G.  H.  Nick  N.  E.  Whitney,  Jr. 

E.  C.  Harris                            R.  E.  Pearson  J.  R.  Wilkins 

J.  M.  Helm                            C.  E.  Peterson  J.  M.  Williams 

W.  R.  Hyma                            a.  J.  Schavet  J.  W.  Zwick 
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PROCEEDINGS 

Running    Report    of    the     66th     Annual     Convention    of    the     American    Railway 

Engineering   Association   and   Concurrent   Annual   Meeting  of  the   Engineering 

Division,   Association   of   American   Railroads,   March   9-10,    1967,   Conrad 

Hilton    Hotel,    Chicago,    Including    Abstracts    of    all    Discussions,    all 

Formal   Action   on   Committee   Presentations,   Specific    Papers   and 

Other    Official    Business    of    the    Association    and    Division 


Opening   Session,   March  9,    1967 

President   J.    M.   Trissal"    Presiding 

[The  opening  session  of  the  66tli  Annual  Convention  convened  at  9:02  am]. 

President  Trissal:  Ladies  and  Gentlemen:  We  have  a  reputation  for  starting 
on  time.  Unfortunately,  I  have  to  confess  that  we  are  two  minutes  late.  Unavoid- 
ably, we  were  not  quite  set  up. 

Members  of  the  American  Railway  Engineering  Association  and  guests:  Wel- 
come to  the  66tli  Annual  Convention  of  the  American  Railway  Engineering  Asso- 
ciation and  the  concurrent  Annual  Meeting  of  the  Engineering  Division  of  the 
Association  of  American  Railroads. 


Invocation 

President  Trissal  [continuing]:  Before  we  begin  our  busy  one-and-a-half  day 
schedule  of  work  and  deliberations,  it  is  appropriate  that  we  ask  for  divine  guidance 
and  assistance.  Dr.  Kenneth  Hildebrand,  pastor  of  the  Central  Church  of  Chicago, 
will  give  the  invocation.  Dr.  Hildebrand. 

Dr.  Kenneth  Hildebrand:   Let  us  units  our  hearts  in  prayer. 

O  Lord,  our  God,  here  at  the  beginning  of  this  convention,  we  quiet  our  spirits 
before  Thee  to  in\'oke  Thy  counsel  in  our  deliberations,  and  by  Thy  wisdom  may 
we  find  our  decisions  practical  and  far-reaching. 

We  are  glad  for  the  responsibilities  which  link  us  together.  We  are  part  of  a 
great  team,  O  Lord,  and  we  play  in  a  game  called  Life.  Each  one  of  us  has  our 
place  in  it,  and  each  one  has  a  part  to  play. 

Thou  art  the  far-sighted  coach,  and  Thou  art  the  spectator  and  judge  as  well. 
Thou  does  need  us  as  we  need  each  other,  and  as  we  need  Thee.  It  isn't  the  posi- 
tion that  we  hold  which  is  important,  O  God,  but  the  reality  and  strength  of  our 
presence,  our  dedication  to  the  team  and  in  our  will  to  play  the  game  well. 

Help  each  one  of  us  to  uphold  his  share.  Prevent  us  from  sitting  on  the  side- 
lines with  our  hands  in  our  pockets  criticizing  the  play  of  others.  Aid  us  in  gi\ang 
the  best  to  the  team  without  seeking  the  limelight,  and  keep  us  determined  to  do 
our  best  in  spite  of  setbacks  and  blows  and  bruises. 

Save  us  from  being  bothered  liy  the  boos  of  tlie  crowd  or  from  being  dis- 
couraged if  the  teammates  don't  always  understand.  Keep  us,  too,  from  becoming 
ON'erproud  at  the  sound  of  any  applause.  And,  O  God,  when  the  last  whisde  inter- 
rupts our  lives  and  the  game  is  finished,  may  we  have  played  tlie  game  with  such 
integrity  that  we  can  merit  Thy  well  done,  and  to  Thee,  our  Father,  be  the  glorj 
and  majesty,  dominion  and  praise.  Amen. 


"  Vice   President,   Illinois   Central   Railroad. 
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President  Trissal:  Thank  you,  Dr.  Hildebrand.  We  appreciate  your  very 
appropriate  invocation.  We  will  be  very  pleased  to  have  you  remain  with  us  as  long 
as  you  may  desire,  but  please  feel  free  to  leave  at  any  time  you  may  choose. 

Although  there  is  no  exhibit  this  year  in  conjunction  with  our  Convention,  it  is 
a  pleasure  to  see  so  many  of  our  friends  here  from  the  railway"  supply  industry, 
representative  of  the  Railway  Engineering — Maintenance  Suppliers  Association.  I 
know  that  each  of  you  will  make  it  a  point  to  meet  these  men,  both  to  renew  your 
acquaintance  and   discuss  your  problems  with  them. 

This  Annual  Convention  has  been  compressed  to  one-and-a-half  days.  The 
shortening  of  the  Convention  will  unquestionably  keep  the  attendance  below  that 
of  tlie  1966  Convention;  however,  I  am  glad  to  see  so  many  of  you  here  diis 
morning. 

According  to  tlie  latest  count,  as  of  9  am,  there  were  453  registered  at  this 
Armual  Convention. 

We  are  especially  pleased  to  have  the  ladies  present  and  welcome  them  to  attend 
any  and  all  of  our  sessions.  While  I  am  sure  that  most  of  die  husbands  would  prefer 
that  their  wives  stay  here,  I  am  likewise  sure  that  the  ladies  will  enjoy  the  activities 
that  have  been  arranged  for  them — leaving  time  for  visits  to  the  stores  on  State 
Street — more   than   they  will  our  meetings. 

I  particularly  invite  you  to  attend  the  Closing  Business  Session  of  our  Conven- 
tion, which  is  scheduled  to  commence  at  12:15  pm  Friday  afternoon.  The  new 
officers  of  the  Association  will  be  installed  during  that  session. 

I  will  now  introduce  those  sitting  at  our  Speaker's  Table — your  officers  and 
directors,  special  guests  and  many  of  our  past  presidents.  As  I  call  your  name,  please 
stand  momentarily  to  be  recognized.  It  will  be  appreciated  if  you  will  withhold 
your  applause  xmtil  all  have  been  introduced. 

First,  I  would  like  to  present  our  past  presidents,  who  are  seated  at  my  right — 
beginning  with  most  recent  past  president: 

A.  V.  Johnston,  president  1965-1966,  chief  engineer,  Canadian  National  Rail- 
ways, Montreal,  Que.,  Canada. 

T.  F.  Burris,  president  1964-1965,  retired  general  manager,  construction  and 
maintenance  of  way,  Chesapeake  &  Ohio  Railway-Baltimore  &  Ohio  Railroad, 
Huntington,  W.  Va. 

L.  A.  Loggins,  president  1963-1964,  chief  engineer,  Texas  &  Louisiana  Lines, 
Southern  Pacific  Company,  Houston,  Tex. 

R.  H.  Beeder,  president  1961-1962,  chief  engineer,  system,  Atchison,  Topeka  & 
Santa  Fe  Railway,  Chicago. 

E.  J.  Brown,  president  1960—1961,  assistant  vice  president  operations,  Bur- 
lington Lines,  Chicago. 

B.  R.  Meyers,  president  1958-1959,  vice  president — engineering,  Cliicago  & 
North  Western  Railway,  Chicago. 

G.  M.  O'Rourke,  president  1955-1956,  retired  assistant  engineer  maintenance 
of  way,  Illinois  Central  Railroad,  Chicago. 

The  next  man  served  our  Association  from  1950  to  1964,  as  secretary  and 
executive  secretary,  Neal  D.  Howard,  executive  secretary  emeritus. 

And  beside  him  is  our  secretary  from  1938  to  1950,  Walter  S.  Lacher,  secretary 
emeritus. 

A.  B.  Hillman,  Jr.,  chief  engineer  of  the  Belt  Railway  of  Chicago,  who  became 
our  treasurer  last  year,  Mr.  Hillman. 
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I  am  sure  most  of  you  know  the  next  man  because  of  the  nature  of  his  position 
in  our  Association  and  wide  travels  around  the  country,  Earl  W.  Hodgkins,  our 
executive  secretary. 

The  first  two  gentlemen  on  my  left  are  your  senior  vice  president  and  your 
junior  vice  president.  First,  your  senior  vice  president,  T.  B.  Hutcheson,  chief  engi- 
neer. Seaboard  Air  Line  Railroad. 

Your  junior  vice  president,  H.  E.  Wilson,  assistant  chief  engineer  system,  Atchi- 
son, Topeka  &  Santa  Fe  Railway. 

I  have  to  change  my  script  here  a  little  bit.  I  will  skip  the  next  gentleman  for 
the  moment. 

Next  I  want  to  recognize  the  members  of  our  Board  of  Direction  in  the  order 
of  their  seniority  on  the  Board: 

J.  S.  Parsons,  engineering  consultant,  Erie  Lackawanna  Railroad,  Cleveland, 
Ohio. 

S.  H.  Poore,  oflfice  engineer,  Chesapeake  &  Ohio  Railway-Baltimore  &  Ohio 
Railroad,  Huntington,  W.  Va. 

F.  N.  Beighley,  roadway  engineer,  St.  Louis-San  Francisco  Railway,  Spring- 
field, Mo. 

D.  H.  Shoemaker,  chief  engineer,  Northern  Pacific  Railway,  St.  Paul,  Minn. 
M.   S.   Reid,  assistant  chief  engineer — maintenance,  Chicago  &  Nortli  Western 
Railway,  Chicago. 

J.  B.  Clark,  chief  engineer,  Louisville  &  Nashville  Railroad,  Louisville,  Ky. 
J.  A.  Rust,  senior  assistant  chief  engineer.  Southern  Railway,  Atlanta,  Ga. 

G.  V.  Guerin,  chief  engineer.  Great  Northern  Railway,  St.  Paul,  Minn. 

C.  Neufeld,  assistant  chief  engineer,  Canadian  Pacific  Railway,  Montreal,  Que., 
Canada. 

H.  W.  Kellogg,  regional  assistant  chief  engineer,  Chesapeake  &  Ohio  Railway- 
Baltimore  &  Ohio  Railroad,  Richmond,  W.  Va. 

F.  H.  McGuigan,  assistant  engineer  of  structures,  Missouri  Pacific  Railroad, 
St.  Louis,  Mo. 

Now  you  may  applaud.  [Applause] 

The  comment  was  made  that  I  skipped  three  men  instead  of  only  one.  How- 
ever, I  only  skipped  one  at  tlie  speaker's  table.  The  other  two  are  sitting  right  in  the 
front  row,  and  we  will  get  to  them  in  the  fullness  of  time. 

The  first  oflBcial  item  of  business  on  our  program  is  the  approval  of  the  minutes 
of  the  1966  Annual  Convention,  which  were  published  in  the  June-July  1966  Con- 
vention Issue  of  AREA  Bulletin,  No.  600,  a  copy  of  which  was  sent  to  each  member. 
Unless  you  wish  to  start  a  fihbuster,  or  I  hear  some  objection  to  these  minutes,  I 
shall  entertain  a  motion  tliat  the  minutes  be  approved  as  published. 

Vice  President  H.  E.  Wilson:   I  so  move. 

S.  H.  Poore:  I  second  the  motion. 

[The  motion  was  put  to  a  vote  and  carried.] 


Address  of  President  J.   M.  Trissal 

It  has  long  been  the  custom  for  your  pre^sident  to  make  a  rather  detailed  report 
on  the  year's  activities  of  your  Association  at  this  opening  session.  However,  due  to 
the  excellent  coverage  in  the  AREA  News  and  the  compressing  of  the  Convention 
into  one-and-a-half  days,  I  propose  to  touch  only  the  high  spots  of  what  has  been 
accomplished  or  started. 


534 Address    of    President    Trissal 

Although  I  may  be  somewhat  biased,  I  beheve  tliat  your  Association  has  had 
a  good  year  due  the  unswerving  devotion  and  hard  work  of  your  vice  presidents, 
directors,  past  presidents,  and  last  but  not  least  your  secretarial  staff. 

If  I  were  to  pick  one  word  to  express  what  has  been  accomplished  in  the  last 
year,  it  would  be  modernization.  Several  changes  in  the  constitirtion  and  by-laws 
have  been  made  with  a  view  toward  livening  up  the  Annual  Conventions  by  the 
elimination  of  tiresome,  detailed  presentation  of  Manual  material  and  progress 
reports  on  assignments  where  very  little  progress  has  been  made,  thus  allowing  more 
time  for  special  features  of  general  interest.  In  this  modernization  and  streamlining 
program  the  rights  of  tlie  individual  members  to  comment  on  or  object  to  any  pro- 
posal have  been  carefully  preserved.  These  changes  will  he  outlined  in  some  detail 
later  in  this  talk. 

Traditionally  the  finances  of  the  Association  have  been  cyclical  due  to  tlie 
necessity  of  publishing  certain  brochures  and  Manual  revisions  in  some  years  and 
not  in  others.  However,  these  cycles  tend  to  compensate  themselves  over  the  years. 
One  innovation  this  year  was  the  decision  to  take  a  capital  loss  on  some  of  our 
government  securities  in  order  to  increase  income  by  purchasing  othens  bearing  a 
higher  interest  rate.  Your  secretarial  staff  came  up  with  a  recommendation  which 
increased  our  income  $1,300  a  year.  In  addition  we  have  invested  some  surplus  cash 
in  6-month  5-percent  certificates  of  deposit.  This  is  most  helpful.  Your  treasurer  will 
give  a  complete  report  of  our  financial  condition. 

We  continued  the  practice  of  holding  regional  meetings  in  various  parts  of  the 
country  removed  from  Chicago  by  holding  one  in  Jacksonville,  Fla.,  last  October. 
The  board  committee  under  the  chairmanship  of  Vice  President  Hutcheson  selected 
Director  Dave  Hastings,  vice  president  of  operations,  Atlantic  Coast  Line  Railroad, 
to  set  up  the  program.  He  did  an  outstanding  job,  with  the  feature  being  a  luncheon 
address  by  the  president  of  the  Coast  Line,  W.  T.  Rice.  Over  200  attended  and 
evidenced  great  interest  in  the  papers  presented.  In  addition,  they  had  a  surplus  of 
receipts  over  expenditures  which  was  turned  over  to  your  Association.  Plans  are  well 
vmder  way  for  another  such  regional  meeting  in  Texas  this  fall. 

For  a  number  of  years  your  officers  and  directors  have  been  disturbed  by  tlie 
territorial  imbalance  of  the  elected  members  of  the  Board  of  Direction.  During  the 
year  a  formula  was  developed  which,  over  a  three-year  period,  will  assure  that  the 
elected  members  on  the  board  adequately  represent  each  territory  based  on  main 
track  miles  as  well  as  number  of  AREA  members.  Since  this  proposal  was  over- 
whelmingly approved  by  the  membership,  the  1968  election  will  be  on  the  basis 
of  this  formula.  Almost  95  percent  of  all  ballots  favored  tliis  change. 

In  order  to  give  more  time  for  special  features  it  has  been  decided  that  Manual 
material  for  each  committee  would  be  distributed  to  the  membersliip  by  a  supple- 
ment to  the  November  or  December  Bulletin  each  year.  The  members  will  then  be 
given  an  opportunity  to  make  any  comments  or  objections,  and  if  none  are  received, 
the  material  will  be  approved  by  tlie  Board  Committee  on  Manual  and  the  vice 
president.  Operations  and  Maintenance  Department,  AAR,  without  time-consuming 
action  at  the  Annual  Convention.  This  procedure  will  be  followed  at  the  1968  Con- 
vention as  it  was  not  developed  in  time  for  this  session;  however,  committee  chair- 
men have  been  encouraged  to  streamline  such  reporting  and  the  reporting  of 
progress  on  assignments  as  much  as  is  possible. 

The  increasing  trend  toward  mergers  of  railroads  poses  a  problem  of  committee 
personnel.  As  you  probably  know,  the  by-laws  limit  the  number  of  members  from 
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any  one  railroad — the  number  depending  on  the  AREA  membership  from  that  road. 
The  board  gave  careful  consideration  to  the  problem  and  revised  the  by-laws  by 
broadening  the  base  and  providing  that  no  member  of  any  committee  would  have 
to  resign  as  a  result  of  a  merger. 

During  tile  year  AREA  was  a  cooperating  organization  in  a  symposium  on 
transportation  sponsored  by  the  American  Society  of  Mechanical  Engineers,  lield  in 
San  Francisco  last  May.  We  also  participated  in  the  1966  Transportation  Engineer- 
ing Conference  of  the  American  Society-  of  Civil  Engineers,  lield  in  Philadelphia 
last  October. 

Since  the  railroad  members  of  the  Board  of  Direction  of  AREA  also  serve  as 
the  General  Committee  of  the  Engineering  Division  of  the  AAR,  it  would  seem  to 
be  appropriate  to  mention  some  of  the  AAR  activities  which  are  of  particular 
intere,st. 

For  se\eral  \ears  we  have  been  working  on  a  plan  of  organization  for  the  Engi- 
neering Division,  and  diuing  the  past  year  the  plan  was  submitted  to  the  AAR  for 
comments  and /or  approval.  One  feature  of  the  plan  of  particular  interest  is  that  of 
voting  on  matters  that  require  the  establishment  of  an  industry-wide  position  as  far 
as  engineering  and  maintenance  of  way  are  concerned.  Votes  on  AREA  matters  are 
on  tlie  basis  of  a  "head  count"  of  the  members  irrespective  of  miles  of  road  oper- 
ated b>-  the  member's  company.  In  the  proposal  before  the  AAR  all  \oting  w-ill  be 
on  a  weighted  basis  depending  on  miles  of  road  for  road-haul  carriers  and  track 
for  terminal  companies,  and  each  \ote  will  be  cast  by  the  one  representative  member 
designated  b>'  that  carrier.  The  General  Committee  approved  this  plan  at  its  meet- 
ing yesterday,  and  I  ha\e  reasonable  assurance  that  it  will  be  appro\ad  by  the 
AAR  vice  president. 

Through  Committee  9 — Highwa>s,  your  Association  collaborated  with  the  Train 
Operation,  Control  and  Signals  Committee  of  AAR  to  revise  the  Reconunended 
Practices  for  Railwa\-Highway  Grade  Crossing  Protection.  As  a  result,  Bulletin  6 
wii^  issued  during  1966  and  is  recei\ing  generally  faxorable  acceptance  by  states 
and  other  public  bodies  and  associations  dealing  with  this  important  subject. 

Your  board  has  also  collaborated  with  TOC&S  in  formulating  a  set  of  minimum 
standards  to  safeguard  the  operation  of  track  cars  under  the  lineup  system.  A  com- 
mittee representing  the  brotherhoods  assisted  in  the  preparation  of  these  standards, 
which  ha\e  been  almost  mii\ersall\'  adopted  by  the  railroads  operating  track  cars 
»mder  this  system. 

\\'hate\er  has  been  accomplished  during  the  past  year  is  due  in  no  small  degree 
to  the  unceasing  efforts  on  the  part  of  Earl  Hodgkins  and  his  fine  staff.  They  have 
lieen  able  to  meet  each  and  every  demand  as  it  arose. 

When  one  attends  a  Convention  of  this  Association,  things  seem  to  move 
smoothly  along  a  well  charted  course.  While  this  is  true,  it  does  not  just  happen.  It 
requires  detailed  specifications  for  hotel  activities  which  are  developed  by  the  secre- 
tarial staff  in  conjunction  with  the  General  Arrangements  Committee,  as  well  as 
constant  sur\eillance  of  minute-to-minute  activities. 

One  innovation  this  year  is  die  designation  of  a  member  of  the  Arrangements 
Committee  to  circulate  in  the  rear  of  the  hall  during  presentation  of  reports  and 
papers  so  that  he  can  signal  to  the  presiding  officer  and  indicate  when  the  speaker 
is   coming  through   loud  and  clear. 

I  want  to  record  for  posterity  my  personal  as  well  as  the  entire  Association's 
great  appreciation  of  the  imtiring  efforts  of  the  entire  committee  and  in  particular 
to   Dalmey  Keni,  chairman,  and  J.  E.  Spangler  and  V.  E.  Hall,  vice  chairmen. 

Itul.  607 
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I  am  sure  that  even  it  we  thank  tlieni  now  they  will  continue  in  hi^h  j^car 
through  tomorrow  afternoon. 

To  the  membership  at  large,  assembled  here  today,  I  want  to  say  tliere  is  some- 
thing you  can  do  also  as  a  contiibution  to  the  value  of  the  working  sessions.  I  refer, 
of  course,  to  individual  discussions  from  the  floor.  I  am  sure  there  are  many  points 
in  the  committee  reports,  or  the  discussions  which  take  place  during  this  meeting, 
upon  which  you  will  wish  to  comment  or  seek  further  clarification.  I  urge  you  to 
do  so.  Your  connnents  and  (juestions  will  be  welcome  and  I  am  looking  forward  to 
hearing  them. 

As  I  mentioned  previously,  we  are  honored  to  have  so  many  lovely  ladies  with 
us  this  morning.  They  make  a  wonderful  contribution  to  the  success  of  the 
Convention. 

I  particularly  want  to  recognize  my  wife  Mor\a  who,  with  l-'eg  Kern,  Ruth 
Hodgkins,  and  Patricia  Miller,  has  developed  an  interesting  program  for  the  ladies 
for  tile  next  day-and-a-half.  After  the  ladies  developed  the  program.  Executive 
Secretary  Rill  Joy  of  REMSA  made  the  necessary  arrangements  for  the  entertain- 
ment of  the  ladies  at  their  luncheon  at  the  Chicago  Athletic  Association  today. 

Thank  you.   [Applause] 


President  Trissal  [continuing]  The  next  order  of  official  business  is  the  report 
of  our  executive  secretary,  Mr.  Hodgkins. 

Report  of  Executive  Secretary 

President  Trissal,  Mr.  Manion,  fellow  members,  and  guests  at  this  66th  Annual 
Convention  of  our  Association. 

In  this  my  third  report  as  your  executive  secretary,  it  is  a  great  pleasure  for  me 
to  again  inform  you  that  the  American  Railway  Engineering  Association  has  enjoyed 
a  tremendously  successful  year.  Not  only  did  the  Association  end  the  year  "in  the 
black"  as  far  as  finances  are  concerned,  when  it  was  expected  to  be  "in  the  red," 
but  the  downward  trend  in  membership  was  definitely  reversed  and  the  demand 
for  Association  publications  was  again  unbelievably  high  for  the  second  consecu- 
tive year. 

The  financial  condition  of  the  Association  is  sound,  as  Treasurer  Hillman  will 
soon  report;  the  interest  in  and  activity  of  our  technical  committees  remains  at  a 
high  level;  and  a  second  highly  successful  Regional  Meeting  amply  demonstrated 
the  interest  in  the  Association  by  railroad  engineering  and  maintenance  manage- 
ments, members,  and  non-members,  particularly  the  younger  engineers  and  super- 
visors in  the  latter  two  categories.  Members  can  be  proud  of  their  Association;  the 
decisions  of  their  elected  officers  and  directors;  the  high  esteem  in  which  the  output 
of  its  technical  committees  is  held,  not  only  in  the  railroad  industry  but  also  in  gen- 
eral engineering  circles;  and  the  dynamic  progress  it  has  made  and  is  making  in 
adjusting  its  operations  and  activities  to  better  serve  them  and  the  railway  engi- 
neering profession. 

Permit  me  to  enlarge  briefly  on  a  number  of  notable  accomplishments  during 
the  1966  Association  year,  extending  from  March  17,  1966,  to  March  10,  1967. 

First,  on  membership:  Perhaps  the  greatest  accomplishment  of  1966  was  the 
reversal   of   the   decline   in   membershiii,   which   liad   been   steady  since   1960,  except 
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for  1963  when  an  actixf  toiKciitnitt'tl  moniluMsliip  filort  was  made.  Unfortunately, 
the  re\ersal  of  the  downward  trend  is  theoretical  rather  than  actual  since  the  official 
tabulation  shows  that  we  sustained  a  net  loss  of  5  nicnihers.  These  statistics,  how- 
ever, do  not  reflect  the  full  situation  because  early  in  February  1967,  26  new  mem- 
bers were  elected.  Normally  tliose  men  would  have  been  elected  before  January  31, 
the  end  of  the  membership  year,  but  because  of  clerical  changes  in  the  secretary's 
office  in  Noxember  the  processing  of  applications  was  slowed  down.  If  this  slow- 
down had  not  occuned  we  would  have  shown  a  total  membership  on  January  31 
of  3,328,  21  members  above  the  year  earlier  level.  Even  though  this  could  not  hon- 
estly be  done  in  the  official  statistics,  it  does  bear  out  my  statement  that  the  down- 
ward trend  in  meiubership  was  definitely  reversed  in  1966.  Perhaps  the  most  sig- 
nificant featiue  of  the  increase  is  that  it  occurred  in  a  normal  year — that  is,  one  in 
which   a   specific,  concentrated  membership  eff^ort  was  not  carried  out. 

The  credit  for  this  excellent  showing  is  due  largely  to  the  efforts  of  many  of 
you  present  today  and  to  others  not  with  us — chief  engineering  and  maintenance 
officers  on  railroads.  Board  members,  committee  officers,  and  the  membership  gen- 
erally. To  each  person  who  contributed  to  the  unofficial  increase  in  membership, 
the  officers  and  directors  say  a  well-deserved  "thanks."  But  with  the  thanks  goes  the 
hope  that  those  indi\  iduals  will  continue  their  eftorts  in  the  year  ahead,  which  starts 
at  the  end  of  this  convention.  We  will  need  approximately  250  new  or  reinstated 
members  to  only  maintain  the  current  level  of  membership. 

The  activity  of  our  22  standing  technical  committees  was  generall>  outstanding 
during  1966,  with  almost  1200  members  on  committees  and  a  total  of  67  meetings 
held  during  the  year,  45  of  them  in  Chicago.  At  the  start  of  the  1967  Association 
year,  over  1200  members  are  on  our  23  standing  and  special  committees,  the  latter 
being  the  new  Special  Committee  on  Systems  Engineering,  which  tlie  Board  author- 
ized last  August  and  to  which  36  members  have  so  far  been  assigned.  This  means 
that  34  places  on  that  committee  are  still  available  for  those  chief  engineering 
officers  desiring  to  have  a  member  or  members  of  their  staffs  participate  in  its  work. 

In  1966,  the  committees  worked  on  155  assignments,  with  each  subcommittee 
carrying  out  its  o\\n  studies  and  investigations  independently  or  with  the  coopera- 
tion and  guidance  of  the  AAR  research  staff,  headed  by  Vice  President,  Research, 
W.  M.  Keller  and  Director  of  Engineering  Research  C.  M.  Magee.  The  value  of 
these  two  men  and  their  staffs  to  the  work  of  the  AREA  and  Engineering  Division 
is  incalculable.  We  want  them  to  know  that  their  efforts  on  our  be^half  are  greatly 
appreciated. 

I  should  like  to  emphasize  today,  as  I  did  last  year,  that  activity  on  AREA 
technical  committees  gives  the  younger  railway  engineers  and  supervisors  an  unparal- 
lelled  opportunity  to  gain  knowledge  and  experience  in  their  chosen  field  by  work- 
ing on  a  wide  variety  of  assignments  alongside  men  who  have  compiled  a  wealth 
of  knowledge  and  experience  by  years  of  solving  practical  problems  and  accom- 
plishing work  along  the  right  of  way  and  in  the  engineering  office.  This  is  no  doubt 
one  of  the  greatest  benefits  the  individual  railroads  and  the  railroad  industry  as  a 
whole  deri\'es  from  the  American  Railway  Engineering  Association — assistance  in 
the  technical  and  administrative  preparation  of  their  young  engineers  and  super- 
visors for  greater  responsibilities.  If  some  managements  do  not  realize  this  fact  yet, 
they  will  in  time  as  the  impact  and  accomplishments  of  AREA  become  more  pro- 
nounced and  recognized,  even  more  than  they  have  in  the  past.  But,  to  gain  these 
benefits  railroads  must  allow  their  yoimger  men,  as  well  as  their  older  ones  to 
actively  participate  in  general  and  lomniittee  acti\  itics  of  the  Association. 
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Do  yon  want  an  example  of  the  greater  recognition  of  the  AREA  and  output 
of  its  technical  t-ommittees?  Take  a  look  at  the  sales  fiji;ures  on  the  Manual  of  Rec- 
ommended Practice  for  Railway  Engineering  and  Portfolio  of  Trackwork  Plans.  The 
demand  has  been  so  great  the  past  two  years  that  our  supply  is  nearly  exhausted — 
one  year  earlier  than  normal.  Thus,  we  have  to  reprint  both  publications  this  year 
to  replenish  our  inventory,  and  we  did  not  expect  to  do  this  until  1968.  Orders  for 
these  two  publications,  and  others  also,  have  come  from  all  over  the  world,  point- 
ing out  the  far-flung  prestige  of  AREA.  In  addition,  Committee  27's  Handbook  for 
the  Care  and  Operation  of  Maintenance  of  Way  Equipment  is  completely  exhausted, 
and  the  committee  is  now  concentrating  on  a  new,  expanded,  more  versatile  and 
useable  looseleaf  edition,  which  will  be  available  sometime  next  year. 

In  closing,  I  want  to  thank  President  Trissal,  the  other  officers,  the  directors, 
and  our  committee  officers  for  their  patience,  understanding  and  assistance  in  the 
conduct  of  Association  affairs  by  the  secretary's  office,  sometimes  under  difficult  and 
trying  conditions.  I  also  want  to  express  my  appreciation  to  my  staft  for  their  dedi- 
cation and  hard  work.  It  is  not,  nor  can  it  ever  be,  a  one-man  job. 

My  friends  and  associates,  the  Association  is  in  your  hands.  It  will  progress  and 
continue  to  be  a  dynamic  force  in  our  great  industry  only  by  the  unswerving  devo- 
tion and  dedication  of  a  large  number  of  individuals,  and  the  understanding  and 
permission  of  their  managements.  After  all,  the  individuals  and  their  companies  are 
the  ultimate  beneficiaries  of  the  work  and  accomplishments  of  the  American  Railway 
Engineering  Association.  Thank  you.   [Applause] 


President  Trissal:  Thank  you,  Mr.  Hodgkins.  I  am  sure  our  members  are 
pleased  to  hear  your  report  of  the  progress  and  many  accomplishments  during  1966. 
The  Association  has  made  a  worthy  contribution  to  the  railroad  industry  and  to  our 
profession  and  we  can  look  to  the  future  with  confidence. 

We  shall  now  hear  the  report  of  our  treasurer,  A.  B.  Hillman,  Jr.,  chief  engineer, 
Belt  Railway  of  Chicago.  Mr.  Hillman. 


Report  of  the  Treasurer 

Mr.  President,  members,  and  guests:  Early  in  the  year  1966  after  reviewing  the 
budget,  with  its  contemplated  disbursements  higher  than  receipts,  I  was  somewhat 
perturbed  that  my  first  verbal  report  to  the  Association  would  be  an  unfavorable 
one.  I  am  happy  to  report  that  my  fears  were  groundless;  the  contemplated  deficit, 
through  a  series  of  fortunate  reasons  did  not  materialize,  and  I  am  very  happy  to 
report  that  the  year  1966  was  a  favorable  one  financially  for  the  Association,  with 
receipts   exceeding   disbursements   by   .some    $4,136. 

I  shall  not  attempt  to  go  into  the  many  individual  items  of  receipts  and  dis- 
bursements for  1966,  all  of  which  will  be  in  the  financial  statement,  report  of  the 
treasurer  and  general  balance  sheet  that  will  appear  in  the  March  issue  of  our  Bul- 
letin, but  I  shall  comment  briefly  on  some  of  them.  First  and  foremost.  Manual 
Receipts:  In  1965  Manual  sales  totaled  $10,498,  the  highest  receipts  for  this  publi- 
cation in  any  normal  sales  year,  but  in  1966,  Manual  sales  totaled  $11,768,  or  some 
$2,768  higher  than  expected.  Also,  receipts  for  Track  Plans  totaled  $3,766,  or 
$1,766  higher  than  expected.  These  figures  illustrate  the  high  regard  in  which  these 
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publications  an-  lield  h\-  tlir  railroad  indnstiy  and  tlie  engineering  profession  as 
a  whole. 

On  the  expenditure  side,  total  disbunsements  came  very  close  to  expectation, 
with  $80,505  budgeted  and  $80,454  expended. 

Unlike  1966,  the  year  1967  will  present  a  financial  problem,  with  disburse- 
ments exceeding  receipts  by  a  wide  margin.  This  will  be  unavoidable  and  for  fully 
justified  reasons.  Due  to  the  exc^eedingly  heavy  sales  of  the  Manual  and  Track  Plans 
for  the  past  two  years  it  will  be  necessarA'  to  reprint  in  their  entirety  both  publica- 
tions in  1967,  as  well  ds  to  purchase  a  supply  of  binders  for  both  publications. 
This  financial  outlook  for  1967  makes  it  all  the  more  gratifying  that  the  year  1966 
was  a  favorable  one  financially  for  the  Association.  And,  it  can  be  assumed,  with  no 
reasonable  doubt,  that  your  officers  and  directors,  and  your  executive  secretary's 
office  will  make  every  effort  to  augment  income,  hold  down  disbursements,  and 
increase  our  membership,  to  the  end  that  the  1967  financial  deficit  will  be  held  to 
a  mininuun.  Thank  you.   [Applause] 


President  Trissal:  Thank  you,  Mr.  Hillman.  It  is  gratifying  to  all  of  us  that 
you  report  the  Association  to  be  in  such  excellent  financial  condition. 

Gentlemen,  you  have  heard  the  reports  of  our  secretary  and  of  our  treasurer. 
A  motion  is  in  order  that  these  reports  be  accepted.  Do  I  hear  one? 

[A  motion  to  accept  the  reports  was  made,  duly  seconded,  put  to  a  vote  and 
carried.] 

President  Trissal:  Now  we  come  to  a  very  embarrassing  situation  for  me. 
I  was  to  introduce  a  man  who  was  supposed  to  be  sitting  at  the  Speaker's  Table. 
I'nfortunately,  the  Speaker's  Table  did  not  have  any  extensions,  and  there  isn't 
room  enough.  I  am  referring  to  Gharles  J.  Miller.  In  case  you  don't  recognize  him 
under  that  name,  he  is  also  known  as  "Deacon  Miller,"  although  I  don't  know  why. 
He  is  president  of  the  Railway  Engineering — Maintenance  Suppliers  Association, 
and  I  want  to  give  him  a  opportunity  to  bring  greetings  from  that  group  of 
outstanding  railroad  suppliers,  the  members  of  which  work  so  closely  with  all  of  us. 
Mr.  Miller. 
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Gharles  J.   Miller:   Thank  you,  Mr.  Trissal. 

Mr.  Trissal,  Mr.  Manion,  members  and  guests  of  the  American  Railway  Engi- 
neering Association:  It  is  my  privilege  to  represent  the  membership  of  the  Railway 
Engineering — Maintenance  SuppHers  Association,  REMSA,  to  formally  greet  you 
and  wi.sh  you  well  throughout  this  meeting. 

Our  membership  wishes  to  extend  to  the  members  of  the  AREA  and  their 
wives  and  guests  a  most  cordial  invitation  to  join  us  at  the  REMSA  reception  this 
afternoon  at  5:30  in  the  Williford  Room.  We  are  grateful  for  your  past  attendance 
at  these  social  functions  and  hope  you  will  join  us  on  this  day. 

We  want  to  express  our  deep  appreciation  to  Mr.  Trissal  and  to  your  Board, 
also  to  your  membership,  for  the  wonderful  cooperation  and  assistance  that  we  have 
received  from  you  this  year.  This  association  with  you  is  a  treasured  one,  and  we 
hope  it  will  increa.se  in  effectiveness  and  pleasure  in  future  years. 


540 Greetings    from    CRS 

If"  there  is  a  service  that  we  can  render  for  yon,  please  contact  Bill  Joy,  onr 
executive  secretary,  or  any  of  the  REMSA  membership. 

Our  best  wishes  to  you   all.   Thank  you.    [Applaiuse] 

President  Trissal:  Thank  you,  Mr.  Miller.  We  greatly  appreciate  the  splendid 
cooperation  of  your  group.  The  Railway  Engineering — Maintenance  Suppliers  Asso- 
ciation, and  its  predecessor  groups  have  rendered  invaluable  assistance  to  our  Asso- 
ciation and  to  the  railroad  industry.  We  look  forward  to  continuance  of  this  very 
cordial  relationship. 


President  Trlssal  [continuing]:  Now  it  is  my  pleasure  to  introduce  another 
man  that  we  had  to  shortchange  on  the  Speaker's  Table.  He  is  Ken  Gavins,  the 
permanent  chairman  of  the  Combined  Railway  Suppliers.  You  all  know  Ken  so  well 
that  I  won't  go  into  the  details  of  his  pedigree.  Mr.  Gavins. 
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Kenneth  Gavins:  Thank  you,  Mr.  Trissal.  There  is  one  thing  about  not  sitting 
at  the  Speaker's  Table — you  are  not  supposed  to  be  a  speaker.  So  that  fits  this  part 
of  your  program  very  well.    [Laughter] 

President  Trissal,  Mr.  Manion,  members  and  guests  of  the  AREA.  The  Com- 
bined Railway  Suppliers,  comprised  of  the  Railway  Signal  and  Communications 
Suppliers  Association,  REMSA,  and  the  Railway  Supply  Association,  extend  to  you 
most  cordial  greetings. 

We  want  to  give  you,  as  briefly  as  possible,  a  mn-down  on  our  plans,  now- 
completed,  to  move  the  exhibit  from  McCormick  Place  and  the  lUinois  Central 
tracks  to  the  International  Amphitheatre  and  adjacent  tracks  because  of  the  ter- 
rible fire  that  destroyed  our  original  exhibit  space. 

Currently  we  have  340  exhibitors,  and  they  have  expended  $435,892  as  rent 
on  exhibit  space.  As  of  this  morning,  all  the  inside  space  has  been  assigned,  and  the 
exhibit  reservations  exceed  those  of  the  1963  exhibition.  Just  recently  we  have  had 
four  cancellations  for  inside  or  outside  space,  and  13  applications  for  space  either 
inside  or  outside,  the  last  one  coming  last  night  about  6  o'clock.  We  haven't  acted 
on  these  yet,  and  you  will  soon  know  why. 

Within  the  last  two  or  three  weeks  a  number  of  activities  have  occurred  that 
deal  directly  with  the  1967  exhibition.  In  order  to  clarify  the  position  of  the  CRS 
Executive  Board,  I  have  been  instructed  to  read  communications  that  we  have 
recently  received,  and  I  will  do  so  at  this  time,  with  your  indulgence. 

Under  date  of  February  13  I,  as  chairman  of  CRS,  received  the  following 
letter: 

"The  executive  committee  of  the  Railway  Progress  Institute  today  unanimously 
agreed  to  recommend  that  the  American  Railway  Progress  E.xposition  be  postponed 
because  of  the  particular  economic  situation  now  facing  the  railroads  and  railroad 
equipment  suppliers." 

This  was  signed  by  W.  A.  Gray,  chairman  of  the  Railway  Progress  Institute, 
who  is   one  of  our  exhibitors. 

Under  date  of  February  14  1  received  the  following  letter: 

"On  January  26  at  a  meeting  of  the  Pittsburgh  Traffic  Club,  a  number  of  im- 
portant railway  supply  officials  questioned  the  advisability  of  holding  the  1967  Com- 
bined   Railway    Suppliers    exhibit.    On    Friday,    February    3,    at    a    meeting   of   the 
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Canadian  Railway  CIuli,  a  larger  nnnilicr  of  snpply  officials  \c)ici'(l  the  same  doubt 
about  the  exhibit,  and  it  was  at  this  meeting  that  a  small  group  of  supply  people 
agreed  to  meet  in  Chicago  to  discuss  the  pros  and  cons. 

"During  the  ten  days  following  the  above  meeting,  the  following  events  have 
occurred  : 

"At  a  board  meeting  of  the  American  Railway  Car  Institute  held  on  February 
7,  a  number  of  car  builders  were  in  favor  of  postponement  of  the  exhibit. 

"The  RPI  at  its  executive  committee  meeting  held  on  FebruarN  13,  went  on 
reci)rd  as  recommending  the  postponement  of  tlie  exhibit. 

"The  purchasing  agent  of  a  major  railroad  wrote  the  Rl'l  anti  tiie  AAli  I'ur- 
chases  and  Stores  Di\ision  that  he  thought  we  .should  reconsider  holding  the  exhibit. 

"In  view  of  the.se  circumstances,  we  suggest  that  you  can\;uss  the  exhibitors 
who  ha\e  applied  for  space  to  determine  whetlier  we  should  or  should  not  have  an 
exhibit  in  1967.  We  also  suggest  that  you  contact  the  railroad  organizations  who 
have  arranged  to  hold  their  meetings  during  October  to  get  their  opinions  on  the 
advisability  of  holding  the  exhibit.  The  following  companies  were  represented  at 
this  meeting." 

There  are  about  nine  of  them.  However,  the  communication  was  anonymous. 
( Laughter ) 

This  wire  was  addressed  to  me  as  chairman  of  CRS: 

"Board  of  Directors  of  the  Association  of  American  Railroads  at  its  meeting 
today  considered  possible  postponement  of  proposed  railroad  exposition.  In  view  of 
the  serious,  adverse  efl^^ect  suspension  of  investment  tax  credit  is  having  on  railroad 
purchases  of  equipment  and  consequent  effect  on  their  suppliers,  the  AAR  Board 
strongly  recommends  the  exposition  be  postponed  to  a  more  favorable  year." 

Copies  were  sent  to  Schroeder  [American  Railway  Car  Institute]  and  Lennart- 
son  [Railway  Progress  Institute]. 

In  response  to  that  wire,  we  sent  Mr.   Loomis  the  following: 

"Executive  board,  CRS,  has  meeting  scheduled  March  2.  You  can  be  sure  we 
want  to  cooperate  in  every  way  to  be  of  assistance  to  the  railroads.  A  decision  on 
postponement  of  the  coming  exhibit  will  be  our  prime  objective  during  that  meeting. 
You  will  be  advised  of  our  decision." 

VV^ell,  at  that  board  meeting,  there  was  no  decision,  but  we  sent  a  copy  of  Mr. 
Loomis'  wire  to  the  president  of  each  group  in  our  combined  association,  and  I 
received  the  following  wire  from  M.  I.  Rayner,  president  of  the  signal  supply 
people : 

"At  a  special  meeting  the  board  of  directors  of  die  Railway  Signal  and  Com- 
munications Suppliers  Association,  the  following  motion  was  adopted:  'In  view  of 
opinion  expressed  by  President  Loomis  of  AAR  on  behalf  of  its  board  of  directors 
and  telegram  of  Febiaiary  24  to  Combined  Railway  Suppliers  Association,  this  Asso- 
ciation considers  that  it  has  no  alternati\'e  but  to  accept  recommendation  tliat  there 
be  no  combined  exhibition  in  Chicago  '67.' 

"It  appears  that  Mr.  Loomis'  telegram  needs  clarification,  particularly  as  to 
whether  it  is  also  imderstood  that  1967  annual  meetings  of  the  several  sections  and 
divisions  of  the  AAR  are  to  be  cancelled  or  restricted  as  to  attendance.  Please 
advise." 

Copies  were  sent  to  Loomis,  Schroeder  and  Lennartsen. 

Under  date  of  February  27,  this  letter  was  addressed  to  our  executive  secretary, 
A.   Schiffers: 

"This  is  to  acKise  that  at  the  annual  meeting  of  members  of  the  American  Rail- 
way Car  Institute  it  was  unanimously  xoted  to  si'ck  a  postponement  of  the  i)ro- 
po.sed  exhibition  to  l)e  held  in  Chicago  in  October  1967.  Our  chairman,  Frederick 
Schroeder,  has  just  this  day  receivetl  a  telegram  from  Mr.  Loonus,  president  of  the 
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Association  of  American  Railroads,  advising  that  the  AAR  board  of  directors  unani- 
mously voted  and  recommended  the  postponement  of  said  exposition.  If  there  is  any 
formal  announcement  of  the  postponement.  I  would  appreciate  your  advice.  In  any 
event,  it  is  my  understanding  that  each  member  of  this  Institute  will  take  such 
action  to  advise  you  of  his  position." 

Well,  after  considerable  board  discussion  and  subsequent  meetings,  under  date 
of  March  2,  we  wired  Mr.  Loomis  as  follows: 

"The  unanimous  decision  of  the  CRS  1967  executive  committee  is  that  its  action 
be  in  accordance  with  recommendations  of  the  Association  of  American  Railroads 
board  of  directors  regarding  tlie  postponement  of  the  railroad  exposition  as  ex- 
pressed in  your  telegram  to  me,  dated  February  24.  However,  we  emphasize  both 
the  immediate  and  long-range  value  of  the  exhibit  and  related  activities  and  the 
continuing  advancement  of  railroad  technology.  Such  meetings  are  technical  affairs, 
and  the  supply  industry  will  suffer  in  losing  its  stride  of  working  fully  and  progres- 
sively with  the  railroads,  and  moreover,  the  members  of  the  sponsoring  associations 
have  already  incurred  substantial  expense  in  formulating  and  planning  the  1967 
exhibits  and  regret  having  to  disappoint  participating  railroad  technical   groups. 

"It  has  been  indicated  to  us  that  neither  suitable  exhibit  nor  hotel  accommoda- 
tions will  be  available  in  the  near  future." 

"The  planning  and  expense  tliat  have  already  been  incurred  are  definitely  of  a 
long-range  nature.  With  this  postponement  other  important  contingencies  could 
prevent  its  being  held  for  an  indefinite  period.  It  is  essential  tiiat  we  have  from  tlie 
AAR  board  of  directors  a  firm  expression  before  undertaking  any  future  exposition. 

"Are  you  also  recommending  the  same  restrictive  action  with  respect  to  func- 
tions and  meetings,  both  technical  and  social,  with  the  railroads  and  affiliated  groups 
that  have  been  scheduled  to  coincide  with  the  1967  exposition?  We  will  app-eciate 
your  advice." 

And  Mr.  Loomis  answered  as  follows: 

"Your  telegram  of  March  2,  relative  decision  CRS  1967  executive  committee: 
we  believe  you  have  copy  of  my  wire,  February  28  on  this  subject.  However,  will 
say  again  the  AAR  board  did  not  cancel  or  place  any  restrictions  on  plans  for  1967 
division  and  section  annual  meetings,  and  I  am  making  no  such  recommendations, 
either." 

I  was  just  given  last  Friday  a  copy  of  tlie  following  wire  that  went  to  Mr. 
Loomis : 

"I  am  deeply  disturbed  over  what  I  have  heard  concerning  the  possible  can- 
cellation of  the  Combined  Railway  Progress  Exposition  scheduled  for  Chicago  in 
October  of  this  year.  All  of  the  factors  necessary  for  a  successful  show  still  exist  in 
Chicago  using  the  International  Amphitheatre,  the  hotel  commitment  that  you  have, 
and  the  space  available  at  the  Amphitheatre. 

"This  is  the  transportation  hub  of  the  nation.  Chicago  is  the  logical  place  for  a 
show.  The  plan  for  this  show  in  Chicago  in  1967  should  not  be  altered." 

This  was  from  Richard  J.  Daley,  Mayor.   [Laughter] 

I   am  sure  you  recognize  his  angle. 

Mr.  Loomis — ^and  I  was  sent  a  copy  of  this — replied  to  the  Honorable  Mr. 
Daley  as  follows: 

"Greatly  appreciate  your  telegram  this  date  relative  Combined  Railway  Progress 
Exposition.  Deeply  regret  suspension,  but  investment  credit  has  placed  such  a  block 
on  railroad  equipment  orders  that  situation  for  1967  does  not  appear  favorable. 
Believe  date  in  future  year  would  be  more  opportune." 

Well,  yesterday — and  this  is  the  last  one,  gentlemen,  I  won't  keep  you  any 
longer — this  message  went  to  Mr.  Loomis  with  a  copy  to  Mr.  Manion: 

"On  account  of  the  urging  of  the  board  of  directors  of  tlie  AAR  the  GRS  1967 
executive  committee  has  notified  the  340  railroad  suppliers  who  were  planning  to 
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exhibit  next  October  that  the  exposition  is  cancelled.  In  taking  this  action  the  com- 
mittee feels  that  it  has  broken  faith  with  the  suppliers.  The  miderstanding  was  tliat 
the  show  would  be  held  unless  the  government  or  the  railroads  should  restrict  or 
prohibit  meetings  coincident  with  the  exhibition.  Such  provisions  were  incorporated 
in  the  CRS  1967  rules  and  procedures  and  were  to  be  included  in  the  lease  for  die 
International  Amphitheatre.  If  the  AAR  division  and  sectional  annual  meetings  are 
held  with  the  usual  large  attendance  of  railroad  personnel,  a  great  many  suppliers 
would  like  to  exhibit  their  products. 

"It  is  always  paramount  in  our  thinking  to  cooperate  with  the  railroads  and  do 
everything  we  can  to  assist  and  help." 

And  that  was  the  decision  by  the  CRS  board,  and  that  is  why  I  have  taken  up 
so  much  of  your  time  to  tell  you  how  this  progressed  over  the  j)ast  three  or  four 
weeks. 

Our  interest,  however,  in  your  present  activities  hasn't  diminished  in  the  lea»t, 
and  we  extend  to  you  our  sincere  best  wishes  for  a  most  successful  meeting.  Thank 
yon.   [.\i>i3lause] 


President  Trissal:  Thank  you  very  much.  Ken.  I  know  how  difficult  it  must 
have  been  for  you  to  make  that  announcement,  and  I  am  deeply  grateful  that  we 
have  finally  got  the  maze  cleared  so  we  know  where  we  stand. 

We  shall  now  have  one  of  the  outstanding  features  of  our  Conventions,  and 
that  is  our  Keynote  Address. 

In  the  interest  of  conserving  time,  I  do  not  intend  to  go  into  all  the  details  of 
our  speaker's  activities.  I  would  like  to  comment,  however,  that  he  and  I  have  one 
thing  in  common,  only  one,  and  that  is  that  we  both  graduated  from  the  University 
of  Illinois  Railroad  Engineering  School,  and  that  is  a  very  small  school.  It  may  not 
have  been  so  small  when  he  was  there,  but  it  was  when  I  was. 

Since  then  he  has  been  with  the  Great  Northern,  the  Anny  Coqds  of  Engineers 
and  the  New  York  Central  prior  to  assuming  the  job  as  vice  president,  Operations 
and  Maintenance  Department  of  the  AAR. 

Without  further  ado,  I  would  like  to  present  our  Keynote  Sj^eaker,  my  good 
friend  and  fellow  Illini,  Raymond  Rex  Manion. 

[The    assembly   arose   and    applauded.] 

Organizing  for  Progress 

By    R.    R.    MANION 

Vice    President,    Operations    and    Maintenance    Department, 
Association    of   American    Railroads 

President  Trissal,  Mr.  Miller,  Mr.  Cavin,  ladies  and  gentlemen:  I  am  delighted, 
of  course,  to  have  tliis  opportunity  to  be  here  with  you  again  and  to  share  an  idea 
or  two.  If  it  seems  that  I  am  about  to  plow  some  of  the  same  ground  that  you  went 
over  a  little  while  ago,  let  me  suggest  that  I  only  am  endeavoring  to  carry  the  tilling 
progress  a  little  further,  and  perhaps  do  a  little  planting. 

Among  organizations  in  the  railroad  industry  the  American  Railway  Engineering 
Association  occupies  a  unique  position.  Unique  because,  in  addition  to  serving  as 
your  professional  association  developing  standards  and  recommended  practices  for 
railroad  engineers,  followed  not  only  in  this  country  but  in  many  other  parts  of  the 
world,   your  Board   and   officers,   including  committee  chairmen  and   vice  chairmen. 
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serve  as  tlie  Engineeriiijf  Division  of  tlie  Association  of  American  Railroads.  The 
several  divisions  (and  dieir  sections)  of  tlie  Operations  and  Maintenance  Depart- 
ment of  the  AAR  prcnide  the  fornnis  for  analysis  and  discnssion  of  indnstry  prob- 
lems, and  a  principal  source  for  their  solutions,  as  well  as  the  mechanism  for  action 
within  the  provisions  of  certain  statutes  and  agreements.  The  Engineering  Division, 
along  with  the  Operating-Transportation  Division,  Mechanical,  Freight  Claim  and 
Car  Service  Divisions,  and  the  Bureau  of  Explosives,  make  up  the  O&M  Department 

With  the  new  vitality  in  our  industry,  the  increasing  application  of  new  tech- 
nologies, there  is  greater  need  for  interdepartmental  cooperation  both  within  and 
among  the  railroads.  Several  years  ago,  while  discussing  some  of  these  problems  with 
your  then  president,  Alton  Johnston,  and  Earl  Hodgkins,  executive  vice  chairman 
of  the  Engineering  Division,  we  recognized  that  there  was  need  to  develop  more 
formal  rules  of  organization  for  the  Engineering  Division  than  was  then  in  exist- 
ence, and  that  it  was  most  important  to  establish  a  procedure  for  official  representa- 
tion in  the  Engineering  Division  of  Member  Roads  as  well  as  a  mechanism  for 
voting  by  Member  Roads  on  those  problems  requiring  expression  of  the  industry's 
desires  or  requirements.  As  you  may  know,  such  procedures  are  in  effect  in  most 
of  the  other  AAR  divisions  and  certain  sections. 

Accordingly,  we  set  about  to  develop  a  Plan  of  Organization  and  set  of  Rules 
of  Order  for  the  Engineering  Division  of  the  Operations  and  Maintenance  Depart- 
ment of  the  Association  of  American  Railroads.  Such  an  undertaking,  of  course,  is 
time-consuming  and  subject  to  interference  from  other  essential  and  important 
activities.  This  work  has  continued  during  Mr.  Trissal's  term  of  office  and  with  his 
assistance  and  that  of  both  of  the  Boards  of  Direction  involved.  Now,  through  the 
efforts  of  Mr.  Hodgkins  working  with  our  legal  staff  a  new  Plan  of  Organization 
and  Rules  of  Order  have  been  produced  and  have  been  approved  by  the  General 
Committee. 

In  order  for  the  General  Committee  to  be  representative  of  the  industry,  as  is 
the  pattern  for  all  AAR  Division  General  Committees,  and  to  conform  with  the  AAR 
Plan  of  Organization,  it  was  essential  that  the  General  Committee  be  territorially 
representative  of  the  railroads.  Its  dual  capacity  as  a  Board  of  Direction  for  a  pro- 
fessional association  representing  individuals,  and  a  General  Committee  representing 
member  railroads,  posed  some  complications,  but  not  impossible  of  solution.  By 
establishing  nominating  rules  that  would  assure  territorial  representation  on  the 
Board  of  Direction,  and  Rules  of  Order  for  the  General  Committee  which  defined 
membership,  officers,  and  organization  of  the  General  Committee,  it  is  possible  to 
conform  to  the  Plan  of  Organization  of  the  AAR,  and  create  a  structure  which  pro- 
vides a  high  degree  of  efficiency.  This  structure  permits  the  consideration  of  prob- 
lems by  the  General  Committee,  by  the  many  technical  committees  and  subcom- 
mittees in  the  course  of  the  regular  AREA  work  without  duplicating  committees 
and  without  requiring  the  same  people  to  attend  additional  meetings  on  the  same 
subjects   in   order  to   arrive   at  recommendations  and  solutions  of  railway  problems. 

Very  briefly,  this  structure  shapes  up  as  follows:  The  General  Committee  is 
composed  of  the  same  men  as  those  on  the  AREA  Board  of  Direction,  except  that 
non-railroaders  and  representatives  from  non-AAR  member  lines  are  not  included. 
The  officers  of  AREA  are  also  the  officers  of  the  Engineering  Division.  The  chair- 
man, vice  chairman,  secretary,  and  subcommittee  chairmen  and  vice  chairmen  of 
AREA  standing  and  special  technical  committees  comprise  the  membership  of  the 
Engineering  Division  standing  and  special  technical  committees,  and  provision  is 
made  for  the  establishment  of  joint  committees  with  other  AAR  committees. 


Address    of    R.    R.    Manion 545 

The  new  Rules  of  Order  estahlisli  three  elasses  ol  ineinhership:  Hepreseiitative, 
Affihate  and  Honorary  Life.  Each  AAR  Member  Road  is  entitled  to  representation 
in  the  Division  and  may  designate  to  serve  as  its  representative  member  an  offieer 
having  charge  of  design,  construction  or  repair  of  fixed  prt)perties  and  shall  be  the 
\oting  member  on  behalf  of  his  railroad.  Members  of  the  General  Committee  who 
do  not  happen  to  be  the  representative  member  for  their  railroads  and  members  of 
the  Di\ision's  standing  and  special  technical  committees  who  are  not  also  represen- 
tative members  automatically  become  affiliate  members  of  the  Division.  Other  per- 
sons who  are  in  the  active  employ  of  a  railroad  may  become  affiliate  members  of 
the  Division  upon  the  proper  recommendation  and  vote  by  the  General  Committee. 
Upon  retirement  from  active  railroad  service,  a  representative  or  affiliate  member 
who  has  served  as  Chairman  of  the  Division,  any  person  who  has  been  a  member 
of  the  Division  for  a  period  of  20  years,  and  all  past  chairmen  of  the  Construction 
&  Maintenance  Section  of  the  Engineering  Division  who  served  in  that  capacity 
prior  to  January  1,  1961,  shall  automatically  become  Honorary  Life  Members. 

At  meetings  of  the  Division  each  representative  member  or  his  proxy  shall  be 
entitled  to  one  vote.  On  questions  or  problems  requiring  the  establishment  of  an 
industr>-  position  on  fixed-property  matters,  votes  will  be  cast  by  letter  ballot  by  the 
representative  members,  and  the  voting  power  of  member  roads  shall  be  weighted 
on  the  basis  of  one  vote  for  each  1,000  miles  of  road  for  line-haul  Members,  or 
1,000  miles  of  track,  or  fraction  thereof,  for  switching  and  terminal  Member  Roads. 
The  establishment  of  these  new  procedures  places  the  Engineering  Division  on 
a  comparable  footing  with  other  Divisions.  Having  a  means  for  expression  of  indus- 
try position  from  an  engineering  standpoint,  the  Division  will  now  be  in  a  greatly 
improxed   position   to   contribute   to   industry  planning  and   progress. 

Earlier,  1  mentioned  the  increasing  importance  of  interdepartmental  coopera- 
tion. I  would  like  to  expand  on  that  somewhat.  Not  only  must  engineering  officers 
be  involved  in  planning  the  future  of  the  railroads,  but  their  involvement  must 
result  in  the  execution  of  engineering  and  maintenance  projects  with  the  result  that 
the  fixed  properties  of  railroads  keep  pace  with  the  changes  taking  place  in  the 
industry's  ability  to  be  competitive,  to  provide  better  transportation  service  and  to 
attract  and  hold  new  business.  This  is  to  say  that  the  economic  and  traffic  benefits 
of  the  use  of  more  efficient  and  capacious  equipment  cannot  be  realized — either  by 
the  railroads  or  their  patrons — if  the  track  and  structures  cannot  accommodate 
their  use. 

By  their  very  nature,  standards  for  fixed  properties,  when  established,  will 
remain  in  force  for  an  appreciable  period.  This,  of  course,  places  a  high  value  on 
accurate  forecasting  and  careful  planning.  We  have  experienced  during  the  last  ten 
years  or  so  a  remarkable  change  in  railroad  equipment  and  services.  While  there  are 
many  reasons  for  these  impressive  and  important  changes,  foremost,  probably,  is  a 
new  marketing-and-sales-oriented  outlook  in  the  railroad  industry  and  the  increasing 
involvement  in  marketing  and  sales  of  operating  and  mechanical  personnel.  There 
is  growing  evidence  that  design,  construction,  and  maintenance  engineers  must, 
perforce,  be  a  full  partner  in  the  planning  and  development  of  such  changes.  As  a 
part  of  the  process  of  service  and  equipment  improvement,  parallel  and  related 
changes  in  physical  plant  must  take  place.  These  changes  must  occur  in  order  to 
achieve  full  use  of  new  equipment  and  services  and  to  secure  full  benefit  from 
available  economies. 

The  competition  for  funds  for  improvements,  of  course,  is  very  great,  and  it 
occurred  to  me  when  I  was  thinking  about  a  possible  title  for  this  discussion  that 
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I  might  caption  it  "Sex  Appeal  in  the  Engineering  Budget."  Such  a  tide  might 
seem  a  Httle  fanciful.  However,  perhaps  it  was  not  such  a  bad  idea.  The  economic 
returns  on  new,  more  efficient  and  possijjly  larger  freight  cars  may  be  more  easily 
demonstrated  than  the  economic  necessity  of  upgrading  the  fi.xed  property  in  order 
that  these  cars  may  be  fully  employed,  and  the  same  thing,  of  course,  will  be  true 
with  respect  to  faster  train  movements.  Since  World  War  II,  many  railroads  found 
it  possible  to  demonstrate  the  economic  ju-stification,  and  even  necessity,  for  large 
expenditures  for  modem  classification  yards,  for  better  communuications,  and  for 
CTC.  In  view  of  the  complications  that  have  arisen  with  the  use  of  many  of  the 
large-type  cars,  it  would  appear  that  a  real  economic  study  of  tlie  need  for  ujigrad- 
ing  track  and  structures,  and  particularly  increasing  rail  size  on  certain  lines  and 
increasing  the  load  capacity  of  bridges,  might  not  have  been  pursued  adequately. 
In  the  consideration  of  the  use  of  some  of  our  long  cars  and  the  possibility  of 
having  to  build  even  longer  cars,  may  I  ask  to  what  extent  have  individual  rail- 
roads examined  their  standards  for  crossover  and  turnout  layouts,  both  in  relation 
to  curvature  and  in  relation  to  other  physical  factors  such  as  grades? 

At  this  time  last  year,  we  were  examining  the  position  of  the  railroads  in  what 
we  termed  "Year  5  of  a  New  Age  of  Railroading."  The  prospects  for  1966  were  at 
that  time  very  good  and  the  appraisal  eventually  panned  out  in  very  encouraging 
terms.  In  1966,  the  railroads  achieved  all-time  records  in  terms  of  freight  traffic 
volume  and  capital  improvement  spending.  Ton  miles  for  the  whole  year  amounted 
to  nearly  one-third  more  than  in  1961,  and  the  capital  investment  in  1966  tripled 
the  1961  level.  The  industry's  earnings  continued  their  improvement,  although  the 
rate  of  return  on  net  investment  still  wound  up  below  4  percent.  New  equipment 
and  new  and  improved  services  continued  to  highlight  the  railroads'  modernization 
scene.  During  1966,  at  least  the  early  part  of  the  year,  there  was  every  indication 
that  1967  might  carry  along  at  the  same  pace.  But,  as  you  know,  the  federal  gov- 
ernment's suspension  of  the  7  percent  investment  tax  credit  has  had  a  great  impact 
on  the  capital  spending  now  in  sight  for  1967,  and  possibly  even  part  of  1968.  Even 
so,  it  seems  to  me  that  in  the  long  view  we  should  expect  this  situation  to  be  cor- 
rected and  to  plan  on  a  continuing,  vital,  growing  transportation  industry.  In  that 
light,  we  should  not  relax  our  efforts  to  determine  where  the  future  will  take  us, 
whfere  we  must  take  the  railroads  in  the  future,  and  the  nature  of  the  railroad 
system  we  must  even  now  be  designing,  and  creating,  and  modifying,  to  continue 
our  transportation  system  as  the  most  efficient,  enlightened,  and  progressive  in 
the  world. 

In  this  connection,  we  might  well  pause  for  a  moment  to  put  our  joint  efforts 
into  broader  perspective.  In  Washington,  right  now,  a  new  federal  Department  of 
Transportation  is  being  set  up  to  coordinate  transportation  development  across  the 
entire  multi-carrier  board  and  better  prepare  overall  transport  to  meet  tlie  colossal 
coming  demands  of  the  American  future.  It  doesn't  take  any  magic  crystal  ball  to 
foresee  the  day  when  the  total  national  freight  load  will  double — and  then  go  on  to 
double  again.  And  even  these  multiplications  on  the  freight  front  could  well  be 
dwarfed  by  the  growth  in  travel  volume. 

Moreover,  I  think  we  can  realistically  expect  this  new  government  organization 
to  take  positive  action  to  straighten  out  the  worst  of  the  public  policy  distortions 
that  have  not  only  penalized  the  railroads  but  wasted  national  resources  and  badly 
unbalanced  the  nation's  whole  transport  stiiicture.  In  short,  I  think  the  next  few 
years  will  firing  a  clearer  track  for  railroad  progress  so   that  o)ir  great  rail  system 
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can  fully  develop  its  plant  and  volume-carryinf^  capabilities  to  Iielp  the  nation  copo 
uith  the  titanic  transport  challenges  of  tomorrow. 

Gentlemen,  in  the  light  of  such  coming  traffic  expansion,  can  we  feel  satisfied 
that  railroad  track  and  fixed  structures  are  being  adetiuately  prepared?  Or  is  the 
industry  in  danger  of  becoming  like  an  army  whose  broad  front  advances  at  differ- 
(>iit  paces,  so  that  key  segments  become  over-extended  and  over-exposed  to  setbacks? 

While  it  has  been  said  that  railroad  fixed  plant  could  handle  as  much  as  double 
the  existing  traffic,  should  we  not  appraise  the  effect  of  out-sized  equipment,  extra- 
heavy   weights   and   rising   speeds?   And   then,   what  can   the   industry  do   about  it? 

Probably  each  of  you  maintains  as  an  article  of  faith  in  your  own  profession 
that  the  super-railroads  of  the  future  will  be  built  from  the  track  up — or  tliey  won't 
be  built  at  all.  So,  in  closing,  I  urge  you  all  to  re-assess  your  approaches  to  this 
key  field  to  make  sure  that  the  closest  possible  cooperation  is  effected  in  the  devel- 
opment of  new  rolling  stock  and  operating  methods — and  in  seeing  that  engineering 
projects  are  accorded  their  full  and  rightful  share  of  emphasis  and  capital  resources 
in  management  planning  councils.  It  is  no  exaggeration  to  state  that  the  railroads' 
entire  future  rides  squarely  on  your  success.  [Applause] 


PREsroENT  TmssAL:  Thank  you,  Mr.  Manion,  for  a  truly  stimulating  and  inspir- 
ing address.  You  posed  a  lot  of  problems,  and  members  of  this  Association  will 
ha\e  their  hands  full  trying  to  meet  them. 

Before  we  dismiss  these  people  at  the  Speaker's  Table,  we  have  some  guests 
with  us  here  today  who  are  visiting  on  the  Burlington.  They  are  a  group  of  officers 
from  the  Indian  Railways.  My  knowledge  of  how  to  pronovuice  foreign  names  is  very 
limited,  but  I  will   do  my  best. 

Mr.   Candotra,   will   you   stand   and  he  recognized?   [Applause] 

Mr.  Keswani.   [Applause] 

Mr.  Mathup.   [Applause] 

Mr.   Mitra.   [Applause] 

Mr.  Shenoy.   [Applause] 

I  didn't  give  you  their  titles,  Init  tliey  are  all  in  the  engineering  department 
of  the  Indian  Railways,  and  are  presently  visiting  on  the  Burlington.  We  are  happy 
to  have  you  join  with  us  today. 

We  will  now  begin  our  program  of  connnittee  reports  and  special  features. 
I  am  going  to  excuse  those  at  the  Speaker's  Table  as  I  am  sure  they  will  enjoy  the 
program  more  from  the  audience  than  from  here. 

Discussion  on  Maintenance  of  Way  Woric  Equipment 

[For  report,  see  Bulletin   603,   page   253] 

President  Trissal:  The  meeting  will  please  come  to  order.  The  first  connnittee 
report  to  come  before  tliis  convention  is  that  of  Committee  27 — Maintenance  of 
Way  Work  Equipment.  The  chairman  of  this  important  conmiittee  is  R.  W.  Bailey, 
engineer  scales  and  work  equipment,  Chicago  &  North  Western  Railway.  Unfor- 
tunately, Mr.  Bailey  recently  had  an  emergency  appendectomy  and  is  unable  to  be 
with  us  today.  In  his  absence.  Vice  Chairman  R.  M.  Johnson,  supervisor  of  work 
equipment.  Western  Maryland  Railway,  Ridgeley,  W.  Va.,  will  conduct  the  com- 
mittee presentation. 
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In  tile  interest  of  time,  I  ie<iuest  the  chairman,  vice  chairman,  secretary  and 
all  reporting  subcommittee  chairmen  to  take  places  as  close  to  the  podium  as  pos- 
sible. The  other  members  of  the  committee  will  find  places  at  each  end  of  the 
Speaker's  Table  or  in  the  overflow  chairs  immediately  in  front  of  the  platform.  This 
will  reduce  the  time  required  for  subcommittee  chairmen  to  come  to  the  podium  to 
gi\e  their  reports. 

As  a  convenience  and  time-saving  expedient,  we  have  provided  the  chairman 
with  a  microphone  at  the  Speaker's  Table  so  he  can  make  such  introductions  and 
comments  as  he  desires  without  coming  to  the  podium  microphone. 

Before  turning  the  microphone  over  to  Vice  Chairman  Johnson,  I  want  to 
extend  to  each  of  you  the  privilege  of  the  floor  and  invite  your  comments  on,  or 
criticism  of,  any  of  the  report  presentations  within  tlie  time  which  can  be  allowed 
for  discussion.  When  you  desire  to  speak,  please  address  the  chair,  state  your  name 
and  railroad  or  other  affiliation  clearly  for  the  benefit  of  our  convention  reporter 
and  then  proceed  with  your  comments  or  questions. 

Mr.  Johnson  you  may  now  proceed. 

Vice  Chairman  R.  M.  Johnson:  Mr.  President,  the  reports  of  Committee  27, 
will  be  found  in  Bulletin  603,  Vol.  68,  Pages  253  to  262. 

We  are  reporting  on  seven  assignments  and  our  presentation  will  be  confined 
to  a  brief  summary  of  the  published  reports  and  a  short  progress  report  on  the 
remainder. 

Assignment  1 — Revision  of  Manual. 

Vice  Chairman  Johnson:  The  committee  reviewed  the  material  in  Chapter  27 
of  the  Manual,  and  it  was  the  consensus  that  no  changes  are  necessary  at  this  time. 

Assignment  1  (a) — Revision  of  Handbook  of  Instructions  for  Care  and  Opera- 
tion of  Maintenance  of  Way  Equipment. 

Vice  CnAmMAN  Johnson:  C.  R.  Turner,  supervisor  work  equipment,  Denver  & 
Rio  Grande  Western  Railroad,  Denver,  Colo.,  chairman  of  Subcommittee  1  (a)  will 
make  a  report  at  this  time. 

C.  R.  Turner:  Your  committee  submits  the  following  status  report  as  infor- 
mation. 

For  several  years  the  committee  has  felt  that  the  Handbook  was  limited  in  value 
due  to  the  inability  of  the  user  to  identify  specific  machines.  A  comparison  showing 
the  obvious  confusion  which  has  arisen  in  identifying  the  items  are  made,  and  a 
proposal  was  submitted  to  revise  the  entire  Handbook,  using  manufacturers  names 
both  in  the  Handbook  proper  and  the  index.  Favorable  consideration  was  given 
to  this  request  by  the  Board  of  Direction. 

To  further  increase  the  utility  of  the  Handbook,  a  study  is  under  way  about 
making  it  a  loose-leaf-type  publication,  which  will  allow  current  revisions  to  be 
incorporated  as  they  are  made  without  waiting  for  an  entire  new  book  to  be 
published. 

In  view  of  the  large  volume  of  material  to  be  updated  and  rewritten,  the  sub- 
committee, as  well  as  the  entire  committee,  will  be  concentrating  on  publishing  a 
new  Handbook  in  the  near  future. 

Assignment  2 — Improvements  to  Be  Made  to  Existing  Work  Equipment. 

Vice  Chairman  Johnson:  Emil  Eskengren,  process  engineer,  St.  Louis-San 
Francisco  Railway,  Springfield,  Mo.,  is  chairman  of  Subcommittee  2,  but  he  could 
not  be  here  today. 
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Assignment  3 — Switch  Heaters  and  Other  Devices  or  Machines  for  Removing, 
Snow  from  Switches. 

\'iCE  Chairman  Johnson:  J-  W.  Risk,  superintendent  work  eciuipment,  Cana- 
dian National  Railways,  chairman  of  Snhconimittee  3,  will  now  jjive  a  summary  of 
his  report. 

J.  W.  Risk:  Mr.  President  and  gendenien:  The  current  report  on  switch  heaters 
and  other  devices  or  machines  for  removing  snow  from  switches  is  a  follow-up  to 
the  one  published  in  the  Proceedings,  ^'ol.  67,  1966,  pages  254  to  265. 

Technological  advances  make  the  task  a  continuing  challenge — a  challenge, 
howexer,  that  must  be  taken  up  and  mt't  if  we  are  to  solve  the  problems  confronting 
a  continent  dependent  on  railway  transportation.  C.cographical  location,  topography 
and  variation  of  climate  and  weather  conditions  often  dictate  our  methods  of  solu- 
tion to  the  problem  of  maintaining  clear  and  functional  switches.  In  our  studies  we 
have  found  that  adaptation  is  the  key. 

A  new  type  of  gas-fired  heater  designed  to  overcome,  at  least  in  part,  the 
objections  listed  in  the  previous  report  is  being  extensively  tested  on  United  States 
and  Canadian  roads.  \\'hile  some  modifications  on  these  units  have  been  found 
necessary,   the  results  to  date  have  been  most  encouraging. 

A  fixed,  gas-fired,  infrared  radiation  heater  used  extensively  in  Europe  has  been 
equipped  with  a  burner  of  increased  capacity  and  will  be  made  available  for  tests 
on  this  Continent. 

There  has  been  considerable  impro\ement  in  other  types  of  heaters,  and  this 
is  attributable  to  research,  improved  parts  and  methods  of  operation  by  both  railway 
signal  personnel  and  the  manufacturers,  as  well  as  area  maintenance-of-way  teams 
becoming  more  familiar  with  switch  heaters. 

A  specific  heater  may  be  satisfactory  in  one  location  but  unsuitable  at  another 
for  a  \ariety  of  reasons,  as  outlined  in  the  committee's  report.  Train  delays  must 
be  minimized  and  economics  are  a  necessary  consideration.  We  feel  it  is  more  prac- 
tical to  install  switch  heaters  where  necessary,  even  though  their  performance  is  not 
always  satisfactor\',  than  hold  manual  labor  on  a  standby  or  overtime  basis. 

It  is  the  intention  of  the  committee  to  make  a  further  report  for  inclusion  in 
the  ne.xt  Proceedings. 

Assignment  4 — Selection,  Installation  and  Maintenance  of  Road-Rail  Attach- 
ments. 

Vice  Ch.aibman  Johnson:  L.  W.  Cantwell,  assistant  engineer,  Atchison,  Topeka 
&  Santa  Fe  Railway,  Chicago,  is  chairman  of  Subcommittee  4.  The  committee  is 
assembling  information  for  a  report  to  be  submitted  in  the  near  future.  Will  Mr. 
Cantwell  please  rise  for  recognition.  Thank  you,  Larry. 

Assignment  6 — Track  Lining  Equipment. 

Vice  Chairman  Joh.nson:  T.  H.  Taylor,  supervisor  maintenance  of  way  mate- 
rial and  equipment,  Pennsylvania  Railroad,  Chicago,  is  chairman  of  Subcommittee  6. 
The  committee  has  assembled  extensi\('  information  on  the  mechanics  of  track- 
lining  attachments  available  and  their  applications,  and  a  report  should  be  sub- 
mitted  in   the  future. 

Assignment   7 — Rail  Laying  Equipment. 

Vice  CHAmM.\N  Johnson:   R.  O.  Cassini,  engineer  work  eciuipment  C&O-B&Q, 
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Huntington,  W.  Va.,  is  chairman  of  Subcommittee  7.  The  committee  has  queried 
its  members  covering  the  various  machines  presently  used  for  rail  laying  operations. 
Additional  information  is  needed  to  prepare  a  report,  which  will  be  done  in  the 
future. 


Vice  CHAmMAN  Johnson  ( continuing ) :  If  there  are  any  questions  pertaining 
to  our  reports,  the  committee  will  attempt  to  answer  them.  If  there  are  no  questions, 
Mr.  President,  this  concludes  the  report  on  our  assignments. 

President  TmssAL:  Thank  you,  Mr.  Johnson,  for  your  report.  We  are  all 
pleased  that  Committee  27  is  progressing  its  revision  of  the  Handbook  of  Instruc- 
tions for  Care  and  Operation  of  Maintenance  of  Way  Equipment.  We  feel  that  the 
Handbook  will  serve  a  real  need,  particularly  in  the  format  which  has  been  adopted. 
We  appreciate  the  efforts  of  yourself  and  the  members  of  your  committee. 

Vice  Chairman  Johnson:  Mr.  President,  R.  W.  Bailey,  chairman  of  Commit- 
tee 27,  has  asked  that  I  advise  you  that  this  concludes  his  term  as  chairman  of 
Committee  27.  As  vice  chairman  and  representing  the  committee,  I  wish  to  speak 
for  the  committee  and  thank  Mr.  Bailey  for  the  wonderful  job  he  has  done  during 
his  term  as  chairman. 

At  this  time  I  should  introduce  myself  as  the  incoming  chairman,  and  Jim 
Elliott  here,  as  the  new  vice  chairman.  Thank  you,  Mr.  President. 

President  Trissal:  Congratulations;  we  want  to  present  you  with  this  gavel 
as  a  token  of  your  authority.  I  hope  you  use  it  wisely  and  well.  The  inscription 
reads:   "R.  M.  Johnson,  Chairman,  AREA  Committee  27,  1967-1969." 

The   committee  is  excused.   [Applause] 

Discussion  on  Water,  Oil  and  Sanitation  Services 

[For  report,  see  Bulletin  602,  page  125] 

President  Trissal:  We  will  now  hear  from  Committee  13 — Water,  Oil  and 
Sanitation  Services,  the  chairman  of  which  is  T.  A.  Tennyson,  assistant  manager, 
maintenance  engineering.  Mechanical  Department,  Southern  Pacific  Company. 

We  welcome  comments  from  the  audience  at  any  time.  If  you  have  any  ques- 
tions, please  do  not  hesitate  to  raise  them.  If  you  raise  a  question  from  the  floor, 
please  identify  yourself. 

Chairman  T.  A.  Tennyson:  Mr.  President,  members  and  guests  of  AREA: 
The  report  of  Committee  13 — ^Water,  Oil  and  Sanitation  Services,  appears  in  AREA 
Bulletin  602,  pages  125-135,  inch,  and  covers  nine  subjects.  Work  on  four  assign- 
ments is  in  report  form.  The  remaining  subcommittees  are  offering  progress  state- 
ments with  completion  dates  set  for  1967. 

For  our  first  report  this  morning,  I  would  like  to  call  on  J.  J.  Dvi^er,  chemical 
engineer,  C&O-B&O,  who  is  chairman  of  Subcommittee  1.  Mr.  Dwyer. 

Assignment  1 — Revision  of  Manual. 

J.  J.  Dwyer:   Mr.   President,  Mr.  Chairman,  and  Members: 
The  standing  assignment  of  Subcommittee  1  is  to  constantly  review  the  con- 
tents of  Chapter  13  of  the  Manual  and  recommend  revisions  which  will  keep  it  up 
to  date  and  in  line  with  best  engineering  practice. 
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The  results  of  the  Subcommittee's  work  for  1966  are  published  in  Bulletin  602, 
November  1966,  beginning  on  page  126,  co\ering  five  pages.  Inasmuch  as  the  re- 
visions were  approved  by  letter  ballot  of  the  Ck)mmittee  without  a  dissenting  vote, 
and  since  no  adverse  conunents  have  been  received  from  the  membership,  I  would 
like  to  omit  reading  the  five  pages,  and  move,  Mr.  President,  tliat  the  revisions 
be  ado^jted. 

[The  motion  was  duly  seconded,  was  put  to  a  vote  and  carried.] 

Assignment  3 — Design,  Construction  and  Operation  of  Railway  Sanitary  and 
Servicing  Facilities,  and  Relations  with  Government  Agencies  pertaining  to  These 
Facilities. 

CH.\mMAN  Tennyson:  This  committee,  under  the  direction  of  J-  C.  Roberts, 
fire  and  sanitary  engineer,  Union  Pacific,  maintains  active  contact  with  the  state 
and  federal  agencies.  This  year  its  progress  report,  which  is  offered  as  information, 
shows  that  no  changes  in  interpretation  of  liasic  regulations  governing  railroad 
carrier  sanitation  have  l^een  noted. 

Assignment   8 — Disposal  or  Reuse   of  Chromate-Treated  Cooling  Water. 

CuAmMAN  Tennyson:  The  report  on  Assignment  8  covering  the  important 
subject,  "Reuse  or  Disposal  of  Chromate-Treated  Cooling  Water,"  was  to  have  been 
presented  by  Subcommittee  Chairman  W.  A.  Tennill  of  the  Norfolk  &  Western, 
but  Mr.  Tennill  was  unable  to  be  here.  His  report  is  oftered  as  information  and 
represents  the  first  in  a  series  of  studi&s  of  cooling  water  disposal  in  the  light  of 
water-pollution  regulations.  Chemical  methods  of  chromate  reduction  and  precipita- 
tion result  in  sludge  which  also  presents  a  disposal  problem,  so  consideration  for 
reuse  of  the  water  seems  the  more  attractive  approach. 

The  process  of  reuse  involves  oil  removal  and  filtration.  A  discussion  of  equip- 
ment is  given  and  the  report  shows  that  by  reusing  chromate-treated  cooling  water, 
the  savings  in  chromate  costs  alone  can  offset  equipment  cost  in  a  3-  to  5-year 
period.   If  softened  or  demineralized  water  is  used,  additional  savings  are  possible. 

Several  processes  are  discussed,  which  not  only  recover  chromate,  but  help  to 
solve  water-pollution  problems  from  tliis  cause.  The  assignment  will  continue,  and 
next  year  it  is  planned  to  study  smaller  installations  and  to  progress  the  report  to 
include  nonchromate  treatment  also. 

Assignment  9 — Methods  and  Materials  to  he  used  in  Car-Cleaning  Facilities. 

CHAmMAN  Tennyson:  I  regret  to  advise  that  the  chairman  of  Subcommittee  9, 
W.  E.  Billingsley,  who  was  with  the  Seaboard  Air  Line,  has  left  railroad  service, 
so  I  will  present  his  final  report,  which  is  offered  as  information,  on  the  subject  of 
methods  and  materials  to  be  used  in  car-cleaning  facilities.  This  report,  designed 
to  follow  our  report  on  this  subject  in  1963,  points  out  that  the  remaining  areas 
relative  to  the  cleaning  of  cars  are  the  control  and  treatment  of  contaminants  of  air 
and  water  contiguous  with  such  operations.  The  report  discusses  the  role  of  car 
cleaning  equipment  in  the  contamination  picture  and  describes  the  types  of  con- 
taminants.  A  number  of  useful  references  to  the  available  literature  are  given. 

CHAmMAN  Tennyson  ( continuing ) :  Mr.  President,  for  reasons  not  entirely 
under  my  control  it  has  become  necessary  for  me  to  step  down  as  chairman  of 
Committee  13  effective  with  the  close  of  this  convention.  I  want  to  take  this  oppor- 
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tunity  of  thankiny  the  members  of  this  committee  who  have  supported  our  efforts 
during  the  past  two  years  as  well  as  all  of  the  officers  of  AREA. 

I  know  that  the  gentleman  chosen  to  succeed  me  as  chairman,  and  the  gentle- 
man who  will  succeed  him  as  vice  chairman,  will  do  a  good  job  for  you  and  con- 
tinue to  solve  the  important  problems  which  come  within  the  scope  of  Committee  13. 

The  new  chairman  is  chemical  engineer  of  the  C&O-B&O,  J.  J.  Dwyer.  Mr. 
Dwyer  will  you  please  stand  and  be  recognized.  Thank  you. 

The  vice  chairman  is  C.  F.  Muelder,  assistant  to  engineer  of  buildings,  CB&Q. 
I  don't  believe  that  Mr.  Muelder  was  able  to  be  here  today  because  of  his  position 
on  the  arrangements  committee. 

Mr.  Chairman,  this  concludes  the  report  of  Committee   13. 

President  Trissal:  Thank  you  very  much,  Mr.  Tennyson.  We  greatly  appre- 
ciate the  fine  job  you  have  done  in  handling  Committee  13's  assignment  in  the  past 
two  years.  Mr.  Dwyer,  if  you  will  come  over  here,  we  will  present  you  with  a  gavel 
as  a  symbol  of  your  authority  an  the  new  chairman.  1  hope  you  use  it  wisely 
and  well. 

The  committee  is  dismissed  with  the  thanks  of  the  Association.  [Applause] 

Discussion  on   Electricity 

[For  report,  see  Bulletin  603,   page  219] 

President  Trissal:  We  are  just  about  to  get  an  example  of  the  versatility  of 
the  Committee  on  Electricity;  the  vice  chairman  is  preparing  something  to  say  in 
the  absence  of  the  chairman,  and  I  am  sure  he  can  do  a  fine  job,  having  known 
him,  for  I  won't  say  how  many  years.  He  is  E.  M.  Hastings,  Jr.,  assistant  utilities 
engineer,  C&O— B&O. 

Vice  CnAmMAN  E.  M.  Hastings,  Jr.:  Thank  you,  Mr.  President.  I  didn't 
realize  until  I  came  up  here  to  the  podium  that  our  chairman  [F.  T.  Snider,  Penn- 
sylvania Railroad]  is  not  here.  [Laughter]  So  1  am  afraid  that  you  are  going  to  have 
to  bear  with  something  quite  extemporaneous.  The  last  report  1  had  was  that  he 
would  be  here,  but  something  evidently  has  happened. 

Committee  18 — Electricity  has  eight  assignments.  We  are  reporting  this  year 
on  three  of  them. 

Assignment   10 — Wire,   Cable   and   Insulating    Materials. 

Vice  Chairman  Hastings:  Your  committee  presented  its  report  on  wire,  cable 
and  insulating  materials  in  Bulletin  603,  beginning  on  page  220.  Items  (a)  and  (b) 
are  presented  as  information.  Item  ( c )  is  presented  with  the  recommendation  that 
it  be  adopted  and  published  in  the  AAR  Electrical  Manual.  It  is  a  specification  for 
chlorosulfonated  polyethylene-insulated  cable  which  has  been  carefully  studied  by 
your  committee.  It  is  printed  on  pages  221  to  224  of  Bulletin  603.  I  move  that  it  be 
included  in   the  AAR  Electrical  Manual. 

(The  motion  was  duly  seconded,  was  put  to  a  vote  and  carried.) 

Assignment  13 — Railway  Electrification. 

Vice  Chairman  Hastings:  The  next  report  is  on  Assignment  13 — Railway 
Electrification.  It  may  be  found  beginning  on  page  224  of  the  Bulletin.  It  is  presented 
as  information  only. 
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[The  committee  desires  to  make  two  corrections  in  the  report  on  Assijjnment  13 
as  printed  in  Bulletin  603.  On  page  245,  the  paragraphs  under  the  heading,  "Long 
Island    Railroad,"   should    read    as   follows: 

The  Nation's  busiest  passenger  railroad  has  a  new  owner.  The  state  of  New 
York  purchased  the  line  on  Jainiary  20,  1966. 

On  the  same  page,  the  paragraph  under  the  heading  "Boston-Washington 
xNortheast  Corridor,"  should  read  as  follows: 

Careful  study  of  the  high-speed  line  for  the  Boston  to  Washington  Corridor 
indicates  tliat  speeds  as  high  as  150  mph  are  considered  necessary.  This  project  is 
co-sponsored  by  the  U.  S.  Department  of  Connnerce  and  the  Pennsylvania  Railroad.] 

Assignment  15 — Relations  with  Public  Utilities. 

Vice  Chairman  Hastings:  The  next  report  is  that  of  Subconnnittee  15,  of 
which  your  speaker  is  the  chairman.  It  falls  into  two  categories. 

First,  I  was  privileged  to  attend  and  represent  Committee  18  as  well  as  tlie 
.\ssociation  of  American  Railroads  at  a  symposium  held  in  Denver  on  the  effects 
of  extra-high-\  oltage  d-c  transmission  on  railway  operations  as  well  as  on  pipelines 
and  other  affected  utilities. 

The  proceedings  of  this  meeting  have  not,  as  yet,  been  printed,  but  there  were 
some  very  interesting  factors  brought  out  at  the  time  as  to  just  exactly  what  these 
new,  high-voltage  d-c  transmission  lines  might  do  to  the  railway  industry;  and 
frankly,  if  you  want  a  personal  opinion,  we  may  be  in  trouble.  But  utilities  com- 
panies have  promised  us  that  they  will  do  everything  in  their  power  to  prevent  such 
a  thing.  Only  time  will  tell. 

The  second  section  of  Subcommittee  15's  report  is  on  our  assignment  relative 
to  revision  of  the  specifications  for  wire  crossings  of  railways.  A  special  committee 
composed  of  four  men  from  the  Association  of  American  Railroads  and  four  from 
the  Edison  Electric  Institute  has  recommended  the  adoption  of  the  latest  edition 
of  the  National  Electric  Safety  Code  as  the  crossing  specification,  along  with  a  pre- 
amble spelling  out  the  factors  peculiar  to  railway  operation.  The  preamble  is  in  the 
process  of  being  printed,  and  will  be  made  available  to  you. 


Vice  CHAmMAN  Hastings  ( continuing ) :  Mr.  President,  I  feel  that  tliis  is  a 
very  inadequate  presentation,  but  not  knowing  that  I  was  going  to  have  to  give  it, 
I  have  done  the  best  I  could.  This  will  conclude  our  committee's  report. 

President  Trissal:  Thank  you,  Mr.  Hastings.  I  can  fully  sympathize  with  you. 
In  fact,  I  feel  that  I  ought  to  be  sitting  over  at  the  other  end  of  the  table  right  now 
where  I  did  for  so  many  years  in  presenting  these  reports  of  the  Committee  on 
Electricity .  I  think  you  did  a  fine  job. 

One  point  before  you  lea\e,  though;  I  can't  overemphasize  the  importance  to 
the  railroad  industry  of  this  high-voltage  d-c  transmission.  About  all  we  have  to 
hang  our  hats  on  is  the  fact  that  the  utility  companies  now  want  to  have  ground 
return,  which  has  a  great  effect  on  our  signals.  If  they  ever  go  to  a  2-wire  or  3-wire 
system  without  a  ground  return,  I  am  afraid  we  are  sunk;  they  will  end  up  with 
mine-mouth  power  plants,  which  will  result  in  loss  of  rail  traffic. 

I  believe,  if  you  will  pardon  me,  that  at  the  symposium  at  Denver  the  boys  did 
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a  marvelous  job  of  muddying  the  waters.  If  you  can  wade  tlirough  all   the  reports 
and  papers  and  come  up  with  a  firm  answer,  you  are  better  than  I  am  at  it. 

Vice  CHAmMAN  Hastings:  Unfortunately,  the  utility  industry  was  not  fully 
aware  of  what  effects  these  high-voltage  lines  might  have,  and  I  think  the  sym- 
posium did  one  very  good  thing — it  made  the  utilities  cognizant  of  the  fact  that  the 
railroad  companies  and  the  pipeline  companies  have  got  to  be  considered  before 
the  utilities  can  go  ahead  with  their  plans. 

President  Trissal:   That  is  about  all  we  can  hope  to  accomplish. 

The  committee  is  dismissed  with  the  tlianks  of  the  Association.   [Applansp] 

Discussion  on   Highways 

[For  report,   see   Bulletin  602,  page   137] 

President  Trissal:  We  will  now  hear  from  Committee  9 — Highways.  The 
chairman  of  this  committee  is  Raymond  Dejaiffe,  chief  engineer,  Toledo  Terminal, 
Toledo,  Ohio. 

Mr.  Dejaiffe,  the  podium  is  yours. 

Chairman  Raymond  Dejaiffe:  Mr.  President,  members  of  the  Association  and 
guests:  The  annual  report  of  Committee  9 — Highways,  is  published  in  Bulletin  602, 
pages  137  to  153,  incl.  There  have  been  no  developments  on  most  of  these  assign- 
ments since  the  reports  were  published.  In  order  to  conserve  time,  we  will  have  no 
oral  reports  except  on  Assignment  1 — Revision  of  Manual,  which  will  be  presented 
by  the  subcommittee  chairman,  M.  A.  Wohlschlaeger,  engineer  of  grade  separations, 
Missouri  Pacific  Railroad. 

Assignment  1 — Revision   of  Manual. 

M.  A.  Wohlschlaeger:  Recently  the  Grade  Crossing  Protection  Subcommittee 
of  the  Train  Operation,  Control  and  Signals  Committee,  Association  of  American 
Railroads,  published  Bulletin  No.  6,  covering  recommended  practices  for  railroad- 
highway  grade  crossing  protection.  Bulletin  No.  6  supersedes  Bulletin  No.  5  which 
was  completely  reviewed  and  revised  with  the  collaboration  of  your  committee  and 
the  AAR  Communication  and  Signal  Section.  Your  committee  has  approved,  by 
letter  ballot,  certain  revisions  in  Chapter  9  of  the  AREA  Manual  so  that  it  will 
conform  with  Bulletin  6.  In  revising  Chapter  9,  it  was  also  detennined  that  cer- 
tain other  revisions  were  necessary  to  eliminate  references  to  obsolete  Signal  Manual 
Specifications  and  Parts. 

Mr.  President,  I  move  that  Committee  9's  recommendations  for  Manual  revi- 
sions, as  published  in  Bulletin  602,  pages  138  through  147,  be  adopted. 

[The  motion   was   duly  seconded,  put  to   a  vote  and   carried.] 

Assignment  2 — Merits  and  Economics  of  Prefabricated  Types  of  Highway- 
Railway  Grade  Crossings. 

Chairman  Dejaiffe:  The  report  on  this  assignment  covers  the  use  of  pre- 
cast concrete  slabs  in  the  city  of  Edmonton,  Alberta,  Canada,  and  on  the  Seaboard 
Air  Line  Railroad.  The  subcommittee  chairman  is  W.  A.  Buckmaster,  assistant  divi- 
sion engineer,  Baltimore  &  Ohio  Chicago  Terminal  Railroad.  Will  he  rise  and  be 
recognized? 
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Assignment  3 — Merits  of  Various  Types  of  Highway-Railway  Grade  Crossing 
Protection,  Collaborating  with  Communication  and  Signal  Section,  AAR. 

Chaihnl\n  Dejaiffe:  The  committee  understands  that  the  study  by  Alan  M. 
Voorhees  and  Associates,  consulting  en<iineers  for  the  HiKh\\'ay  Research  Board  on 
the  subject,  "Factors  Influencin<?  Safety  at  Highway-Railway  C'.rade  Crossings," 
has  been  completed.  However,  the  reviewing  committee  of  that  Board  is  now 
studying  the  report  and  it  will  probably  be  se\'eral  months  before  the  results  of 
the  study  will  be  made  available  to  the  public  or  members  of  this  committee.  The 
subcommittee  chairman  for  this  assignment  was  J.  A.  Jorlett,  structural  engineer. 
New  York  Improvements,  Fennsyhania  Railroad.  Mr.  Jorlett,  vvlio  recently  retired, 
is  not  present  today. 

Assignment  4 — Investigate  Present  Requirements  and  Practices  of  Marking 
and  Signing  Private  Grade  Crossings. 

Chairman  Dejaiffe:  The  report  on  tliis  assignment  covens  the  practices  of 
railroads  in  four  states  and  Canada  where  there  are  laws  or  regulations  covering 
private  crossings.  H.  W.  Walbright,  division  engineer,  Norfolk  &  Western  Railway, 
is  the  subcommittee  chairman. 

Assignment  5 — Extent  of  Use  and  Effectiveness  of  Highway-Type  Stop  Signs 
at  Highway-Railway  Grade  Crossings. 

Chairman  Dejaiffe:  The  committee  reports  on  the  use  of  highway-type  stop 
signs  in  Fergus  Falls,  Minn.,  Lincoln,  Neb.,  and  Oconomowoc,  Wis.  The  subcom- 
mittee chairman  is  K.  E.  Wyckoff,  assistant  to  chief  engineer.  Great  Northern 
Railway.    Will   he    rise   and   be    recognized? 

Assignmetit  7 — Conduct  Survey  with  the  View  Toward  Developing  Alternate 
Types  of  Automatic  Crossing  Protection, 

Chairman  Dejaiffe:  The  report  on  this  assignment  covers  the  use  of  two 
new  devices  which  reduce  the  need  for  new  short-arm  gate  installations.  The  sub- 
connnittee  chairman  is  C.  I.  Hartsell,  assistant  contract  engineer,  Chesapeake  & 
Ohio  Railway. 


(^HAmMAN  Dejaiffe  (continuing):  We  have  intentionally  hurried  over  the 
reports  on  our  regular  assignments  to  allow  time  for  a  special  report  on  a  subject 
that  is  becoming  increasingly  important  to  the  railroads.  The  modern  expressway 
and  highway  complexes,  especially  in  urban  areas,  are  using  railroad  properties 
to  a  greater  extent  than  ever.  The  value  of  these  properties  when  used  for  high- 
way purposes  has  generally  been  a  matter  of  extensive  negotiation. 

Before  becoming  vice  chairman  of  our  conmMttee,  R.  E.  Skinner  was  our  secre- 
tary for  six  years.  He  has  been  Boy  Scout  leader  for  almost  as  many  years.  From 
these  two  avocations,  I  am  sure  you  ha\e  a  good  picture  of  his  devotion  to  duty. 
He  is  also  assistant  to  chief  engineer,  Illinois  Central  Railroad.  He  will  now  ad- 
dress us  on  the  subject,  ''Evaluation  of  Railroad  Air  Rights  for  Highway  Use." 
Mr.  Skinner. 
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Evaluation   of  Railroad  Air  Rights  for   Highway   Use 

By    R.    E.    SKINNER 
Assistant   to    Chief    Engineer,    Illinois    Central    Railroad 

The  title  of  my  talk  is  "Evaluation  of  Railroad  Air  Rights  for  Highway  Use." 
What  it  really  boils  down  to  is — how  do  you  set  a  price  on  air  rights? 

I  am  sure  you  all  know  that  air  rights  are  not  a  new  concept.  At  the  turn  of 
the  century,  there  was  the  Park  Avenue  development  in  New  York.  Also,  back  in 
1915  the  possibility  of  air-rights  developments  was  advanced  in  a  report  by  the 
Committee  on  Smoke  Abatement  of  the  Chicago  Association  of  Commerce.  Actual 
construction,  of  course,  did  not  begin  for  a  number  of  years,  but  there  have  now 
been  a  number  of  notable  air-rights  developments.  Air  rights  can,  in  many  in- 
stances,  open  up  a  new  field  of  opportunity  for  the  railroads. 

In  order  to  clear  up  any  misunderstanding  or  confusion:  what  are  air  rights? 
The  usual  concept  of  land  subdivision  involves  area,  that  is  length  times  width. 
An  air-rights  development  involves  space,  so  to  the  usual  concept  we  must  add 
height,  which  gives  us  a  three-dimensional  subdivision.  You  could  compare  an  air- 
rights  subdivision  to  a  table  or  a  desk  or,  adding  another  idea,  a  series  of  shelves. 

I  have  a  few  slides*  I  would  like  to  show  as  examples  of  the  use  of  railroad 
air  rights.  The  first  few  slides  are  of  buildings  that  have  been  constructed  on 
Illinois  Central  air  rights.  This  is  the  usual  concept  of  air  rights  and,  up  to  now, 
the   most  notable   examples. 

The  first  slide  shows  the  Prudential  Building  here  in  Chicago.  This  was  the 
first  building  to  be  constructed  on  Illinois  Central  air  rights  and  one  of  the  things 
at  which  we  point  with  pride. 

The  next  slide  is  the  Outer  Drive  East  Building,  which  is  located  to  the  east 
of  Prudential. 

The  next  slide  is  of  a  warehouse  at  Memphis,  Tenn.,  on  Illinois  Central  air 
rights.  This  particular  development  shows  that  all  air-rights  buildings  do  not  have 
to  be  skyscrapers. 

The  next  slide  is  a  typical  cross  section  of  an  air-rights  development  showing 
two  dimensions  of  the  three-dimensional  subdivision. 

The  next  few  slides  are  pictures  of  highway  bridges  over  railroad  property. 
Overhead  highway  bridges  are  certainly  nothing  new;  however,  in  each  of  these 
examples,  air  rights  were  sold  to  the  highway  authorities. 

The  first  slide  shows  the  extension  of  the  Stevenson  Expressway  to  the  Outer 
Drive,  which  crosses  the  Illinois  Central's  main  line  at  25th  St.  here  in  Chicago. 
In  this  particular  case  we  have  agreed  to  sell  the  air  rights,  and  now  that  the 
taxpayers'  lawsuit  is  settled  we  can  negotiate  the  price. 

The  second  slide  shows  the  Chicago  Skyway  crossing  of  our  main  tracks  at 
75th  St.,  also  here  in  Chicago. 

The  next  slide  shows  the  Illinois  Toll  Road  crossing  of  our  tracks  near  Hazel 
Crest,  111.,  a  southern  suburb  of  Chicago. 

In  these  last  two  examples  we  sold  the  air  rights  over  our  operating  right-of- 
way.  Our  basis  was  that  these  highways  are  revenue-producing  facilities  and  there- 
fore should  pay  for  the  right  to  cross.  We  have  done  this  at  several  other  locations 
in  Kentucky  and  in  one  instance  in  Louisiana. 


*  None  of  the   slides  shown  by  Mr.    Skinner  is  reproduced  herein. 
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The  next  few  slides  show  :i  somi'whal  (lidciciil  use  ol  laihoad  air  rights  for 
liighway  purposes — a  longitudinal  occupancy.  Tlu'se  slides  are  not  as  pretty  as  the 
ones  just  shown.  They  are  in  blaek  and  white  and  taken  from  newspaper  pictures. 
These  show  a  proposal  for  locating  the  cross-town  expressway  on  the  west  side  of 
Chicago  in  air  rights  oxer  al)()iit  15  miles  of  right-of-way  of  the  Belt  Railway  of 
Chicago.  This  location  is  highly  controversial,  and  only  one  of  several  locations 
lieing  considered.  It  does,  however,  advance  a  concept  that,  even  if  it  isn't  used 
on  the  Belt,  could  and  probably  will  be  developed  at  other  locations.  With  the 
tremendous  population  growth  and  the  dynamic  expansion  of  our  country,  coupled 
with  rapid  urbanization,  space  for  all  tlie  needs  of  the  people  and  industry  is 
going  to  become  one  of  our  most  i^ressing  problems.  Full  utilization  of  all  available 
space  will  have  to  lie  accomplished.  In  many  locations  a  single  use  of  space  will  be 
wasteful. 

The  first  slide  shows  the  general  location  ot  the  proposed  cross-town  express- 
way over  the  Belt  Railway  right-of-way.  You  will  note  that  it  will  tie  the  Kennedy, 
Eisenhower  and  Stevenson   expressways  together  on   the  west  side  of  Chicago. 

The  second  slide  is  a  typical  cross  section  showing  the  relationship  of  the  ex- 
pressway and   the   railroad   tracks. 

The  third  slide  is  an  artist's  conception  of  the  proposed  route. 
How  do  we  sell  railroad  air  rights?  One  way  would  be  to  sell  the  entire  fee 
to  the  property,  reserving  an  easement  for  railroad  use.  This  could  present  many 
problems  for  a  railroad,  and  the  Illinois  Central  has  not  given  this  serious  con- 
sideration. We  could  also  sell  the  fee  above  a  certain  elevation,  which  we  call 
the  air-rights  plane,  and  grant  an  easement  for  the  structure  supports.  This  could 
introduce  financing  problems  to  the  developer  which  in  many  cases  would  be 
insurmountable.  The  Illinois  Central  follows  the  procedure  of  selling  the  fee  to  all 
space  occupied  by  the  columns  and  caissons,  as  well  as  everything  above  the  air- 
rights  plane.  We  retain  the  fee  ownership  of  the  balance.  These  methods  are  gen- 
erally applicable  for  only  two  uses,  namely,  a  building  or  an  overhead  bridge  and 
the  railroad.  I  do  want  to  just  mention  another  concept,  the  "air  tunnel"  or  "hole 
in  space"  idea.  The  Eisenhower  Expressway,  which  runs  through  the  Chicago  Post 
Office,  is  an  example  of  the  "hole  in  space"  concept.  With  this  concept  the  property 
could  be  developed  for  three  or  more  uses.  We  could  have  railroad  use  on  the 
ground  level,  a  highway  above  this,  and  an  office  building  above  the  highway.  We 
would  therefore  be  granting  the  highway  a  "hole  in  space."  At  some  locations  it 
might  well  be  advisable  for  railroads  to  consider  limiting  the  height,  as  well  as  the 
length  and  width,  of  the  air  space  over  railroad  property  to  be  used  for  highway 
purposes.  I   understand  that  some  railroads  are  doing  this  now. 

How  do  you  set  a  price  on  air  rights?  I  am  sure  that  there  are  many  pos- 
sible approaches,  one  of  which  is  bound  to  be,  ''what  the  market  will  bear."  Obvi- 
ously air  rights  are  not  as  valuable  as  the  fee,  so  it  must  be  decided  what  portion 
of  the  fee  value  is  properly  assignable  to  the  air  rights.  I  would  like  to  present  the 
method  used  by  the  Illinois  Central.  I  am  not  tiying  to  sell  this  idea  but  am  just 
presenting  it  as  "a  method."  On  the  Illinois  Central  we  study  the  maximum  usage 
of  the  space  permitted  by  law  or  is  practical.  Out  in  the  open  country  only  two 
levels  of  use  are  practical,  the  railroad  and  the  highway.  In  this  case  the  value 
assigned  to  air  rights  is  50  percent  of  the  fee.  In  urban  areas  the  maximum  use  of 
space  is  usually  determined  by  zoning  ordinances.  These  zoning  ordinances  usually 
dictate  by  some  method  or  other  the  number  of  floors  or  the  height  of  buildings 
that  can   be  constructed  in   certain  areas.   In  Chicago  the  zoning  ordinance  controls 
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the  usage  by  assigning  a  "floor  area  ratio"  to  each  area.  The  term  "floor  area 
ratio"  means  the  ratio  of  floor  area  in  the  stmcture  above  the  curb  level  to  the 
area  of  the  lot;  thus  if  the  "floor  area  ratio"  of  an  area  was  three  and  the  building 
covered  the  entire  lot,  only  three  floors  would  be  permitted.  Of  course  the  floor- 
area  ratios  are  highest  in  the  central  area  of  tlie  city. 

As  an  example,  if  in  a  particular  area  a  20-story  building  could  be  con- 
structed and  we  reserved  the  equivalent  of  four  floors  for  railroad  use,  we  would 
set  the  value  of  air  rights  at  80  percent  of  the  fee.  In  the  proposal  for  the  cross- 
town  expressway  over  the  Belt  Railway,  the  floor-area  ratios  vary  throughout  the 
15  miles.  In  such  cases,  one  would  determine  a  weighted  average  of  the  floor- 
area  ratio  for  the  entire  distance.  A  special  committee  appointed  by  the  Board 
of  Directors  of  die  Belt  Railway  did  this,  and  an  analysis  of  this  weighted  average 
resulted  in  setting  a  value  of  air  rights  at  57  percent  of  the  fee. 

To  summarize,  the  Illinois  Central's  procedure  in  determining  air-rights  values, 
which  is  also  the  procedure  recommended  by  the  Belt's  special  committee,  is  a,s 
follows: 

1.  Set  a  value  on  the  fee  by  normal  appraisal  methods. 

2.  In  cases  of  large  or  long  continuous  areas,  increase  the  fee  value  by  some 
percentage  as  an  assemblage  or  continuity  factor.  In  the  Belt  Railway 
proposal,  the  special  committee  recommended  that  this  be  50  percent. 

3.  We  would  then  multiply  this  adjusted  figure  by  the  portion  of  the  fee 
value  assigned  to  die  air  rights,  which  was  developed  as  previously  out- 
lined. In  the  case  of  the  Belt's  proposal,  this  would  be  57  percent  multi- 
plied by  150  percent  of  the  fee  value. 

4.  To  this  figure  should  be  added  the  capitalized  increase  in  operating  cost, 
if  any,  caused  by  the  existence  of  the  structure  over  the  railroad.  Some 
of  the  items  to  be  considered  are:  lighting,  ventilation,  restriction  on 
size  of  loads  due  to  clearances,  and  increased  difficulty  in  clearing  any 
derailments  which  may  occur. 

Today  I  have  presented  some  general  information  concerning  railroad  air 
rights — how  you  might  sell  them,  and  "a  method"  of  setting  a  price.  With  the 
possible  exception  of  the  ''hole  in  space"  concept  or  the  lUinois  Central's  method  of 
setting  values,  to  a  good  many  of  you  this  is  nothing  new.  Why  then  have  I  made 
this  talk?  Why  is  Committee  9  interested  enough  to  not  only  have  me  present  this 
talk  but  also  request  an  assignment  on  this  subject? 

As  I  stated  before,  space  requirements  are  going  to  become  one  of  our  coun- 
try's most  pressing  problems.  I  feel  that  whether  or  not  the  cross-town  expressway 
is  located  over  the  Belt  Railway,  that  this  type  of  proposal  will  receive  more  and 
more  interest  and  it  is  bound  to  develop.  There  will  also  be  other  types  of  demands 
for  railroad  air  rights,  and  these  will  be  coming  from  governmental  agencies.  As 
you  all  know,  in  too  many  cases,  regardless  of  how  free  a  governmental  agency  is 
with  the  taxpayers'  money  in  acquiring  property,  when  they  come  up  to  a  railroad 
right-of-way  they  have  a  complete  change  in  their  attitude  and  feel  that  railroad 
right-of-way  somehow  is  either  worthless  or  really  belongs  to  the  public  anyhow. 
They  use  1967  ideas  and  values  for  everyone  else  and  1900  ideas  and  values  for 
railroads.  My  hope  is  that  you  will  develop  a  method  of  determining  a  fair  value 
for  your  air  rights.  Use  the  Illinois  Centi-al's  method  if  you  wish;  I  think  it  is  a 
good   one.    The   important  thing  is   that  you  be   prepared   with   a  method  and  not 
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be  on  the  defensive  in  your  dealings  with  the  pubHc  authorities.  If  you  don't  have 
a  method,  the  go\ernmental  agencies  will  have  one,  and  with  the  usual  public 
attitude  toward  railroad  property,  the  results  won't  be  too  satisfactory.  That  is  the 
purpose   of  my  talk.    [Applause] 


Mh.  Skinner  (continuing):  If  any  one  has  any  questions,  I  will  be  glad  to 
try  to  answer  them.  Before  we  get  any  questions,  however,  I  would  like  to  make  a 
request.  As  I  mentioned  brief!)'  before.  Committee  9  has  a  new  assignment  on 
the  subject  of  railroad  air  rights  for  highway  purposes,  and  if  any  of  you  have 
or  do  develop  a  different  method  for  determining  air-rights  values,  or  if  you  have 
any  suggestions,  comments  or  recommendations,  please  let  us  know.  We  will  study 
your  suggestions  and  report  on  them  in  our  Association. 
Are  there  any  questions? 

W.  H.  Huffman  [Chicago  &  North  Western  Railway]:  Yonr  nn>thod  is  a 
good  idea  with  respect  to  what  the  zoning  is  today. 

Is  anything  taken  in  consideration  with  respect  to  possible  changing  of  zoning? 
I  think  I  could  foresee  a  change  in  tlie  zoning  laws  or  rules  of  the  city  which 
today  might  restrict  height  to   12  stories  and  tomorrow  it  could  be  24  stories. 

Mr.  Skinner:  I  think  you  are  right,  but  what  else  can  we  do?  We  have  got 
to  Ii\e  with  existing  zoning  ordinances  in  our  negotiations. 

Mr.  Huffman:  You  wouldn't  have  to.  You  could  say  that  perhaps  zoning 
ordinances  will  change  and  put  more  value  on  air  rights,  and  that  is  all. 

Mr.  Skinner:  If  you  can  get  away  with  it,  I  think  you  will  be  doing  pretty 
well. 

G.  M.  Magee  [AAR]:  I  think  this  may  be  a  little  off  the  line  of  yovir  particu- 
lar interest,  but  the  thing  that  would  concern  me  more  about  constructing  a 
highway  over  a  railway  would  be  to  insure  that  enough  clearance  is  reserved  in 
the  vertical  and  the  horizontal  directions  to  take  care  of  future  needs,  and  I 
wondered  whether  there  were  any  definite  recommendations  that  had  been  made 
along  that  line?  Would  you  insist  on  25  ft  or  30  ft  clear  height  being  provided, 
and  how  much  in  the  way  of  horizontal  clearances? 

Is  there  any  thought  about  the  recommendation  that  should  be  made  on  that 
to  take  care  of  possil:)le  future  re(juirements? 

Mr.  Skinner:  I  think,  of  course,  that  would  depend  somewhat  on  the  loca- 
tion. We  have  on  the  Illinois  Central  certain  horizontal  clearance  requirements  for 
construction  of  bridges  over  our  tracks,  depending  on  whether  or  not  we  use  off- 
track  equipment,  whether  or  not  we  have  plans  for  additional  trackage,  and  we 
require  certain   overhead  clearances,  too. 

Of  course,  in  the  case  of  the  Prudential  Building,  we  knew  there  was  only 
going  to  be  one  thing  underneath  it  in  tliat  particular  area,  and  that  was  the  sub- 
urban service,   so   the  clearances   were  determined  by  that. 

I  think  the  railroad's  general  requirements  for  its  overhead  construction  would 
be  followed  in  most  cases.  I  don't  know  of  any  specific,  certain  requirements  that 
you  would  have  for  an  air-rights  building  or  some  of  the  air  right  that  wouldn't 
be  tile  same  as  for  an  overhead  bridge. 

J.  W.  DeValle  [Southern  Railway  System]:  I  have  three  (juestions  tliat  I 
would  like  to  ask  you.  F'irst,  do  I  correctly  understand  that  Illinois  Central  is  selling 
air  rights  for  overhead  grade  separations  based  on  the  fee  value  of  the  property  at 
the  time  the  matter  is  considered? 
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R.  E.  Skinner:  Are  you  talkinu  about  selling  air  rights  for  o\'erhead  highway 
bridges  over  operating  rights-of-way? 

Mr.  DeValle:  Yes. 

Mr.  Skinner:  So  far  the  only  places  we  have  been  able  to  ehlirge  for  overhead 
bridges  is  when  that  bridge  is  a  toll  road,  and  our  liasis  is  that  such  a  road  is  a 
re\enue-producing  facility,  and  by  George,  we  ought  to  get  something  out  of  it,  too. 

President  Thissal:  Excuse  me  just  a  minute,  Roger.  The  connection  of  the 
Stevenson  Expressway  with  the  Outer  Drive  at  25th  St.  is  not  a  toll  road,  and  we 
have  a  contract  with  the  City  of  Chicago  that  as  soon  as  the  taxpayers'  lawsuit 
disputing  our  ownership  of  the  air  rights  is  settled  in  our  favor,  we  will  then  agree 
on  a  price  based  on  the  fee  value.  This  is  a  public  highway. 

Mr.  DeValle:  This  then  might  be  extended  to  include  the  interstate  system 
since  it  is  also  a  revenue-producing  facility  througli  generation  of  additional  tax 
revenue,  gasoline,  rubber  and  so  forth. 

Mr.  Skinner:  I  would  like  to  see  that  myself.  I  imderstand  there  are  some 
railroads  that  are  getting  some  minimiun  payments  for  overhead  construction  as 
well  as  grade  crossings.  I  believe  it  was  the  Northern  Pacific  or  the  Great  Northern 
or  some  road  in  that  area  that  was  getting  paid  for  the  grant  in  ease.  We  haven't 
been  able  to  do  that. 

Mr.  DeValle:  My  second  question:  When  you  have  an  overhead  separation 
constructed  and  approaches,  earth  embankment  approaches,  are  placed  on  the  rail- 
road right-of-way,  thus  in  effect  severing  your  right-of-way,  do  you  make  any  charge 
for  that? 

Mr.  Skinner:  Well,  we  didn't  have  that  particular  problem,  but  I  would  say 
that  you  would  handle  that  like  you  would  if  you  were  selling  an  air  rights  to  a 
building.  You  sell  a  fee  for  the  columns  and  the  caissons,  and  you  could  sell  a  fee 
for  the  encroachment  of  the  approach  fill. 

Mr.  DeValle:   Have  you  been  able  to  do  this? 

Mr.  Skinner:   Not  to  my  knowledge. 

J.  W.  DeValle:  Question  No.  .3:  In  cases  where  you  have  sold  the  air  rights 
and  the  ground  rights  for  caissons  and  supporting  elements,  is  there  any  division  of 
responsibility  for  damage  to  the  supporting  elements  and  overhead  structure  caused 
by  train  accidents  of  one  type  or  another? 

Mr.  Skinner:   I  think  I  will  pass  that  on  to  Mr.  Trissal  to  answer. 

President  Trissal:  That  depends  on  your  contract  with  the  particular  com- 
pany, or  who  is  building  the  improvement.  In  general,  we  follow  the  policy  that 
each  one  is  responsible  for  his  own  negligence.  That  is  a  general  rule  of  thumb. 

C.  J.  Henry  [Pennsylvania  Railroad,  retired]:  In  dealing  with  highway  depart- 
ments, especially  in  connection  with  new  highways,  you  always  want  to  keep  in 
mind  that  there  may  be  some  time  when,  due  to  property  development,  you  may 
desire  to  cross  the  highway.  We  have  had  several  cases  where  that  provision  was 
made  some  25  or  30  years  ago  and  has  been  invaluable  in  getting  our  rtght-of-way 
for  tracks  either  over  or  under  new  highways. 

For  example,  the  Pennsylvania  Turnpike  crosses  the  Pennsylvania  Railroad  in 
many  places.  We  made  the  reservation  that  we  had  an  equal  right  to  either  cross 
under  or  over  the  Turnpike  in  the  original  negotiations  made  so  many  years  ago, 
and  it  has  been  very  much  to  our  advantage. 

Mr.  Skinner:   You  had   to  pay  for  it,  though,  didn't  you? 
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Mh.  Hkxhy:  no.  \\'c  had  to  pa>'  tor  tin-  separation,  and  thr  Turnpike  liad  to 
pay  for  theirs. 

Mr.  Skinner:  If  we  could  get  the  highway  people  to  pay  for  air  rights  to  go 
over  our  railroads,  I  would  he  willing  to  pay  the  highway  for  their  air  rights  hecause 
I    tliink   we  would  come  out  on   the  long  imuI. 

Mr.  Henry:  It  may  l)e  hetter  not  to  collect  for  your  air  rights  in  a  particular 
area.  You  can't  set  a  rule  that  governs  every  place,  but  it  might  he  well  to  consider 
what  your  e\'entual  needs  will  be  for  development  for  industrial  purposes. 

Mr.  Skinner:  I  see  what  you  mean.  If  you  are  going  to  charge  the  tollway  for 
crossing  you,  they  are  going  to  charge  you  for  crossing  them.  You  had  Ijcttcr  he 
careful. 

Mr.   Henry:   That  is  right. 

Mr.  Skinner:  That  is  a  good  point  to  consider  when  we  enter  negotiations. 
Also,  when  you  are  granting  permission  for  a  highway  bridge  to  go  over  your  track, 
consider  reserving  the  right  above  the  highway  because  you  might  want  that  space 
some  time. 

President  Trlssal:  Thank  you  very  much,  Mr.  Skinner.  The  number  of  ques- 
tions that  we  have  had  speaks  well  for  the  interest  in  this  subject,  and  I  do  hope 
that  you  will  all  follow  Mr.  Skinner's  request  and  let  Committee  9  have  any  thoughts 
you  have  on  the  whole  subject. 

Cmairman  Dejaiffe:  Thank  you,  Mr.  Skinner  for  this  tiineK-  presentation. 
You  have  done  your  usual  excellent  job. 

Mr.   President,  this   concludes  our  report. 

President  Trissal:  Mr.  Dejaiffe,  your  committee  is  now  excused  witli  the 
thanks   of   the   Association.    [Applause] 

[Vice  President  T.  B.  Hutcheson  assumed  the  chair.] 

Discussion   on   Economics  of  Railway  Location   and   Operation 

[For   report,   see   Bulletin   602,   page    109] 

Vice  President  Hutcheson:  Gentlemen,  the  next  report  of  this  session  will  be 
that  of  Committee  16 — Economics  of  Railway  Location  and  Operation.  The  chair- 
man of  this  committee  is  L.  E.  Waul,  senior  system  industrial  engineer,  Pennsyl- 
vania Railroad,  Philadelphia,  Pa.  Mr.  Ward,  will  you  and  your  committee  assume 
the  position  on  the  platform  as  rapidly  as  possible  so  that  we  may  get  on  time.  You 
may  proceed  when  your  committee  is  seated. 

Chairman  L.  E.  Ward:  Mr.  Vice  President,  members  of  the  Association  and 
guests:  The  committee  conducted  stuches  on  eight  important  and  challenging  assign- 
ments related  to  the  economics  of  railway  location  and  operation  this  last  year. 

Assignment  1 — Revision  of  Manual. 

Chairman  Ward:  The  Chapter  16  Manual  material  is  frcciuentK  referred  to 
in  solving  problems  of  location  or  operation  of  railways  througliout  the  world.  We 
consider  the  Manual  material  of  such  significant  importance  that  most  of  our  assign- 
ments are  now  oriented  towards  assistance  in  providing  engineering  information  for 
updating  the  Manual. 

Subcommittee  1  is  now  in  the  process  of  investigation  train-resistance  formulas 
and  the  effect  of  rail  lubrication  on  curve  resistance.  The  work  of  Subcommittee  1 
is  under  the  cUrection  of  George  Rugge,  special  assistant,  stall  studies,  Santa  Fe, 
whom  I  will  ask  to  stand  and  be  recognized. 
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As.fignment  2 — Engineering  Methods  and  Economic  Considerations  Involved  in 
Improving  the  Quality  of  Transportation  Service. 

Chairman  Ward:  This  is  the  first  year  for  the  assignment  on  "Engineering 
Methods  and  Economic  Considerations  Involved  in  Improving  the  Quality  of  Trans- 
portation Service."  We  are  not  yet  prepared  to  submit  a  report  on  this  important 
assignment;  however,  progress  is  being  made  under  the  able  leadership  of  W.  J. 
Dixon,  assistant  to  chairman,  Chicago,  Rock  Island  &  Pacific  Railroad. 

Assignment  3 — Determination  of  Maintenance  of  Way  Expense  Variation  with 
Various  Traffic  Volumes  and  Effect  of  Using  such  Variations,  in  Terms  of  Equated 
Mileage  or  Other  Derived  Factors,  for  Allocation  of  Available  Funds  to  Mainte- 
nance of  Way. 

CHAmMAN  Ward:  Assignment  .3  continues  to  provide  the  committee  with  per- 
plexing problems.  Last  year  we  reported  to  you  that  results  of  the  research  project 
on  econometric  modeling  for  track  maintenance  requirements  would  be  incorporated 
into  our  reports.  We  have  received  an  analysis  of  three  years  of  input  data,  but  must 
report  there  is  not  yet  a  clear-cut  indication  of  producing  answers  to  Assignment  3. 
The  committee  is  receiving  encouragement  to  progress  this  important  subject  to  a 
successful  conclusion  and  work  will  continue  under  the  guidance  of  H.  B.  Christian- 
son,  director  of  industrial  engineering,  C&O-B&O,  whom  I  will  ask  to  stand  and  be 
recognized. 

Assignment  4 — Potential  Applications  of  Electronic  Computers  to  Railway  En- 
gineering and  Maintenance  Problems  in  Research,  Design,  Inventory,  Etc. 

CHAmMAN  Ward:  Application  of  electronic  computers  is  of  more  and  more 
interest  and  concern  each  year.  Committee  16  has  been  attempting  to  bring  this 
into  focus  and  to  find  out  how  the  railway  industry  can  best  utilize  these  power- 
ful tools. 

L.  P.  Diamond  of  Committee  16  will  be  chairman  of  a  new  special  committee 
that  has  been  formed  to  consider  computer  data  systems  application  from  an 
engineering  standpoint. 

Committee  16  proposes  to  maintain  Assignment  4  to  continue  and  develop 
specific  applications  as  related  to  economics  of  location  and  operation  and  to  recom- 
mend subjects  to  the  new  special  committee.  George  Guthrie,  director  of  corporate 
planning,  Soo  Line,  is  now  chairman  of  Subcommittee  4.  Mr.  Guthrie  will  you 
plea.se  stand  and  be  recognized. 

Assignment  5 — Location  and  Operation  of  Metropolitan  Transit  Systems  as 
Related  to  Current  Railway  Operations. 

CHAmMAN  Ward:  Subcommittee  5  is  headed  by  L.  A.  Durham,  assistant  chief 
engineer — staff,  Norfolk  &  Western,  who  was  not  able  to  be  with  us  today.  Many 
of  you  will  be  interested  in  reading  the  excellent  report  on  "Aspects  of  the  Needs 
of  Urban  Areas  for  Rapid  Transit  That  Are  of  Interest  to  the  Railroad  Industry." 
This  report  was  written  by  our  Dr.  P.  J.  Claffey,  professor  of  civil  engineering, 
Catholic  University  of  America,  and  published  with  Committee  16's  report  in  Bul- 
letin 602,  page  111.  Dr.  Claffey  will  comment  briefly  on  the  report  and  will  be  glad 
to  answer  any  questions   following  his  comments.  Paul. 

Dr.  p.  J.  Claffey:  Certain  aspects  of  the  needs  of  cities  for  improved  transit 
operations   are   of   concern   to   the   railroads.   These   relate   to   the   magnitude  of  the 
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metropolitan  transportation  proMcm  aiul  tlu'  implications  for  railroad  participation, 
and  to  the  capacity  and  senice  characteristics  needed  in  new  urban  transit  systems 
if  they  are  to  provide  a  useful  service. 

We  are  in  an  era  of  intensive  urban  population  j^rowth  with  an  associated 
decrease  in  density  of  urban  land  use.  This  basic  development  is  producing  a  tre- 
mendous e.xpansion  in  urban  transportation  needs.  Urban  transportation  in  terms  of 
passenger-miles  is  growing  at  a  rate  almost  proportional  to  the  cube  of  the  rate  of 
growth  of  urban  population.  Since  the  opportunities  for  providing  the  needed  intra- 
urban transportation  are  limited  by  a\ailability  of  land,  resistance  of  urban  popula- 
tions to  massive  changes  in  land  use  patterns  and  the  high  costs  of  new  construction, 
interest  has  turned  to  de\eloping  excess  railroad  capacity  for  urban  transportation 
a\ailable  in  many  connnunities.  The  need  is  such  that  cooperation  l)y  the  railroad 
industry  can  be  a  valuable  source  of  new  income. 

However,  the  railroad.s  must  recognize  that  system  capacity  in  terms  of  pas- 
sengers carried  per  unit  of  time  and  service  quality  in  terms  of  low  travel  time  and 
high  passenger  convenience  and  comfort  are  critical  elements  in  urban  transit.  The 
railroads  should  not  attempt  to  participate  in  rapid  transit  operation  unless  they  are 
prepared  to  provide  the  e.xtent  and  quality  of  service  needed.  Half-way  measures 
will  fail  to  attract  and  hold  the  high  volume  of  patrons  needed  for  urban  transit  to 
l)c  worthwhile. 

Assignment  6 — Features  of  Economic  and  Engineering  Interest  in  the  Study, 
Design,  Construction  and  Operation  of  New  Railway  Line  Projects,  or  Major  Line 
Relocations  Proposed,  in  Progress,  or  Recently  Completed. 

CHAmMAN  \\'ard:  This  year  you  will  find  a  \'ery  fine  report  entitled,  "Barkley 
Dam  Relocation — Illinois  Central  Railroad,"  in  Bulletin  601,  September-October 
1966,  beginning  on  page  1.  H.  L.  Woldridge,  assistant  chief  engineer,  St.  Louis- 
San  Francisco  Railway,  chairman  of  Subcommittee  6,  is  not  able  to  be  present  today. 

Assignment  7 — Application  of  Industrial  Engineering  Functions  to  the  Railroad 
Industry. 

Chaikman  Ward:  The  study  of  this  subject  is  in  progress  and  a  report  will  be 
made  next  year.  Subcommittee  7  Chainnan,  Fred  Koomanoff,  senior  associate,  Plan- 
ning Research  Corp.,  is  not  able  to  be  with  us  today. 

Assignment  8 — Effects  of  Innovations  on  the  Economics  of  Railway  Location 
and  Operation. 

Chairman  Ward:  When  Committee  16  undertook  an  a.ssignment  on  "Innova- 
tions," we  may  have  thought  that  our  mission  was  to  report  the  latest  technological 
in\ention  which  might  be  adopted  to  railroad  use. 

We  did  considerable  research  before  we  fully  realized  that  the  real  benefits 
from  "Innovation"  are  taking  advantage  of  the  technology  that  is  generally  available 
today.  This  has  been  extremely  well  brought  out  in  two  separate  papers  prepared 
by  our  committee.  We  consider  both  of  these  papers  of  such  significance  to  the 
industry  that  I  have  made  the  unusual  recjuest  that  both  be  published.  I  would  like 
to  ask  M.  B.  Miller,  division  engineer,  PennsyKania  Railroad  and  chairman  of  Sub- 
committee 8,  to  give  us  a  capsule  summation  of  the  reports  of  his  subcommittee. 
Mr.  Miller. 

M.  B.  Miller:  Gentlemen:  Your  committee  feels  the  scope  of  innovations  which 
have  had,  and  will  have,  an  effect  on   the  economics  of  railways  is  of  such  magni- 
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tude  as  to  preclude  coniprehensive  discussion  \\ithin  this  assignment.  Specific  details 
relatinji  to  technical  innovations  may  be  found  in  trade  journals  and  technical  bul- 
letins. Some  of  the  most  significant  innovations  are  simply  the  result  of  taking 
advantage   of   existing  know-how. 

The  committee  feels  the  subject  .should  be  concluded,  and  any  worthwhile 
project  or  subject  should  be  handled  as  a  special  report.  Our  final  report  was  pub- 
lished in  Bulletin  602,  November  1966;  however,  the  scope  of  innovations  is  so 
great  that  a  supplementary  report  will  be  published  in  the  June-July  Convention 
Proceedings  Issue  of  the  Bulletin  as  part  of  the  Convention  discussion  of  Com- 
mittee  16. 

[Mr.  Miller  then  summarized  the  supplementary  report  on  Assigninent  8,  which 
is  printed  below.] 

Supplementary  Report  on  Assignment  8 — Effects  of  Innovation  on  the  Econ- 
omics of  Railway  Location  and  Operation 

To  make  the  future  of  the  railroad  industry  what  it  should  be,  it  is  constantly 
needful  to  be  willing  to  do  something  new.  The  question  of  what  is  really  important 
is,  that  of  discovering  what  is  uniquely  different  from  what  it  is  today  and  facing 
up  to  it.  The  program  must  be  based  on  a  selected  plan  of  action,  which  is  attain- 
able and  suitable,  and  to  see  the  industry  as  a  whole  is  brought  to  see  that  it  works. 
Creativity,  which  looms  so  large  in  present  discussions  of  innovations,  is  not  the  real 
problem.  There  are  actually  more  ideas  in  any  organization,  including  railroads,  than 
can  possibly  be  put  to  use.  What  is  lacking,  as  a  rule,  is  the  willingness  to  look 
beyond  existing  patterns  of  performance  to  ideas.  Transport  services  and  practices 
are  only  the  vehicle  through  which  railroad  planning  becomes  effective.  An  idea  has 
to  meet  rigorous  tests  if  it  is  to  be  capable  of  shaping  the  future  of  a  business.  It 
has  to  have  operational  and  economic  validity  and  it  must  meet  the  test  of  personal 
commitment.  Does  the  industry  believe  in  the  plan?  Does  it  really  want  to  achieve 
the  image  of  service  and  status  which  is  ofl^ered?  To  create  a  better  future  demands 
courage  and  dedication.  It  involves  hard  work  but  it  also  demands  faith.  To  commit 
a  competitive  industry  to  the  expedient  is  valueless  and  simply  not  practical.  It  will 
not  suffice  for  the  challenges  ahead.  A  big  industry  such  as  the  railroad  seems  to  be 
al^le  to  waste  a  long  time  on  the  vision,  courage  and  hard  work  of  its  creators,  but 
tomorrow  always  arrives.  It  is  always  different — -and  then,  even  the  mightiest  enter- 
prise is  in  trouble  if  it  has  not  worked  on  the  future.  It  will  have  lost  prestige,  dis- 
tinction, and  leadership.  All  that  will  remain  is  a  large  fixed  expense.  It  will  neither 
control  nor  comprehend  what  is  happening.  Not  having  faced  the  risk  of  becoming 
different,  of  making  the  new  happen,  it  inherits  the  far  greater  risk  of  being  sur- 
prised by  what  does  happen.  This  is  a  risk  that  all  transportation  modes  are  exposed 
to  in  the  existing  competitive  complex.  Thomas  Watson,  who  founded  and  built 
IBM,  was  brought  up  in  the  world  of  cash  registers  and  did  not  see  the  develop- 
ment of  technology,  but  he  had  the  idea  of  data  processing  as  a  unifying  concept 
on  which  to  enlarge  his  business.  He  waited  constantly  and  patiently  for  proper 
timing  and,  finally,  out  of  unrelated  war-time  work,  data  processing  became  actually 
possible — the  technology  of  the  electronic  computer.  The  period  has  now  been 
reached  where  railroads  are  needed  more  than  ever  before — needed  to  be  at  their 
best.  The  question  is,  are  they  ready  to  meet  their  challenge  and  prove  themselves 
to  be  the  stimulating  innovations  in  our  broadening  economy?  If  they  do  not  improve 
past  practice,  they  will  fail  utterly.  On  the  other  hand,  if  they  come  up  with  the 
right   answers,   they   will   win    a   matchless   future.   Daring   advances   are   demanded. 
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Growth,  after  all,  is  the  result  of  success,  of  offering  what  the  market  wants, 
buys  and  pays  for,  of  using  economic  resources  effectively,  and  of  making  the  profits 
needed  for  expansion  and  to  cover  tlie  risks  of  the  future.  Innovation  is  not  invent- 
ing or  discovering.  It  may  require  either,  and  often  does,  but  its  focus  is  knowledge, 
coupled  with  action — performance,  and  for  railroads  this  means  economic  per- 
formance. Its  essence  is  conceptional  rather  than  technical  or  scientific.  Tlie  charac- 
teristics of  the  innovator  is  the  a])ility  to  sense  proper  timing  and  envisage  as  a 
system  or  unifying  process,  that  to  others  seemed  unrelated,  separate  elements.  It 
enhances  the  rare  skill  to  select  the  missing  link  that  sparks  existing  elements — 
knowledge,  quality  control,  type  of  service,  shipper  demands,  marketing  needs,  or- 
ganizational response — into  a  new  and  vital  productive  whole.  Successful  planning 
is  always  based  on  maximizing  opportunities.  Thinking  through  the  design  of  the 
ideal  for  the  railroad  industry  determines  the  direction  the  industry  nuist  select  to 
attain  maximum  effecti\eness.  It  sets  fundamental  objectives.  It  establishes  the 
theoretical  optimum  of  economic  performance  against  which  actual  results  can  be 
measured.  Maximizing  opportunities  shows  how  to  move  the  business  from  yesterday 
to  today,  thereby  gi\'ing  it  sufficient  posture  to  meet  the  competitive  challenges  of 
tomorrow.  It  displays  the  existing  activities  that  should  be  advanced  and  those  that 
should  be  cancelled,  and  it  also  bring.s  out  the  new  things  that  might  multiply  results 
in  the  transportation  market  place.  Maximizing  resources  is  the  very  vital  step  from 
insight  to  action — it  establishes  priorities,  and  concentrating  resources  on  priorities, 
it  ensures  that  time,  talent,  and  team  action  center  on  the  performance  where  it  can 
produce  the  greatest  results.  Having  expressed  the  above,  it  is  well  to  examine  what 
the  railroad  industry  has  been  and  is  now  working  on  in  its  greatest  context  of 
serving  the   public. 

1.  Piggyback 

It  required  aliout  thirty  years  to  get  piggyback  services  accepted  In'  the  railroad 
industry  and  to  demonstrate  its  impressive  economic  and  shipper-service  advantages. 
It  is  a  far-reaching  example  of  what  is  needed  to  stimulate  more  intensive  utilization 
of  the  vast  railroad  investment. 

Piggyback  services  have  revealed  some  remarkable  comparisons  with  i^ast 
practice,  which  the  following  summary  vi\idly  pictures. 

Average  Average  Average 

Revenue  per  Times  Loaded         Daily 

Tijpe  of  Service  Car  per  Year       Car  Cost  per  Year        Car  Mileage 

Piggyback    $24,000  $15,000  100  150 

Conventional    4,000  10,500  18  45 

Piggyback  is  a  form  of  packaged  freight,  strictly  timetabled  on  a  rapid  turn- 
around basis.  Since  the  inauguration  of  this  service  on  a  full-scale  basis  in  1958, 
it  has  shown  a  compound  growth  rate  of  20.5  percent  per  year.  Over  the  next  dec- 
ade, a  quadrupling  of  its  service  is  possible,  assuming  that  the  growth  will  continue 
at  annual  rate  of  12  percent.  In  any  case,  piggyback  traffic  will,  by  1975,  account 
for  no  less  than  10  percent  of  railroad  carloadings,  20  percent  of  ton-miles,  and 
•30  percent  of  gross  revenue. 

2.  Containerization 

The  contaiiiciizatioii  business  must  be  \  icwed  realislicall>  so  as  to  a\  oid  an\' 
nn'sunderstandiiig  of  its  actual  or  potential  benefits.  It  still  remains  to  be  seen  if  con- 
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tainerization  can  become  a  cure-all  or  whether  it  creates  more  problems  than  it  can 
solve.  Transportation  of  containers,  unless  the  conditions  under  which  they  are 
moved  and  priced  are  suitable,  may  be  a  discouraging  task.  Pricing  only  according 
to  space  utilized,  as  the  airlines  do,  may  be  found  a  most  practical  approach.  The 
impact  of  containerization  on  shippers  and  shipping  costs,  involving  as  it  does  door- 
to-door  delivery,  brings  into  sharp  focus  the  means  and  manner  of  intermodal 
movement  of  freight  on  a  universal  basis.  Sets  of  standards  for  container  sizes  are 
gradually  coming  into  existence.  Standards  are  also  coming  into  being  for  container- 
handling  equipment  that  will  serve  to  make  all  the  containers  and  handling  systems 
of  all  modes  of  movement  compatible  and  permit  unlimited  interchange  of  con- 
tainers. Containerization  is  something  that  is  bound  to  change  the  entire  transpor- 
tation system  on  the  great  trade  routes.  It  protects  the  shippers'  property  better.  It 
possesses  many  obvious  advantages  from  the  standpoint  of  cost.  Loading  charges  are 
drastically  cut.  Elquipment  turnaround  times  are  greatly  reduced  and  the  movement 
of  small  shipments  is  placed  on  more  of  a  wholesale  level,  with  fixed  time  and 
controlled  cost  oriented  movement  lending  itself  to  proper  quality  control.  The  con- 
tainer is  actually  ushering  in  an  extended  era  of  packaged  freight — its  largest  coun- 
terpart being  the  unit-train  in  shuttle  service.  A  final  advantage  which  containers 
will  impart  to  railroad  service  is  that  of  placing  them  in  the  position  of  carrying 
stacked  8-ft  by  8-ft  units  within  the  clearances  required  for  routes  serving  three- 
decker  auto-carrying  cars,  thus  doubling  the  loading  potential  per  car  compared  to 
that  of  piggyback  operations. 

3.  Unit  Trains  in  Shuttle  Service 

The  unit  trains  must  be  viewed  as  an  element  in  a  total  system  of  distribution, 
embracing  loading  and  unloading  facilities  and  the  intervening  haul.  Ideally,  the 
unit  train  should  be  an  integral  train;  that  is,  one  with  fixed,  coupled  consist, 
including  locomotives  spaced  throughout,  and  shutthng  back  and  forth  between  one 
origin  and  one  destination.  Such  a  train  would  not  be  required  to  stop  if  loading 
and  unloading  facilities  and  fueling  methods  permitted  continuous  movement.  The 
service  lends  itself  to  the  handling  of  major  bulk  commodities  moving  from  a  high- 
volume  producer  or  production  point  to  a  high-volume  consumer  or  consumption 
point.  To  achieve  the  savings,  which  such  an  operation  can  produce  in  comparison 
to  conventional  means,  certain  criteria  must  be  met.  These  include,  basically,  a 
rigidly  held  timetable  schedule,  agreed  to  between  shipper  and  carrier  and  subject 
to  incentive  rates  carrying  penalties  for  failing  to  perform  as  planned.  Rapid  turn- 
around cycles  must  be  secured,  implying  quick  loading  and  unloading.  If  the  latter 
is  to  be  dependably  secured,  tliere  must  be  a  program  of  weighing  while  coupled- 
in-motion  or  acceptance  by  the  shipper  of  some  form  of  average  weight,  alleviating 
the  need  for  weighing  the  cars  at  all,  except  on  a  periodic  sampling  basis.  Rapid 
handling  often  makes  the  time  from  loading  to  unloading  short  enough  so  that  ship- 
ments do  not  stay  in  the  cars  long  enough  to  freeze.  In  large-scale  integral-train 
operations,  proper  scheduling  without  intermediate  switching  of  trains  and  equip- 
ment is  the  key  to  successful  motive  power  and  car  utilization.  A  unit  train  must 
be  of  sufficient  size  to  enable  a  complete  train  to  be  moved  intact  from  point  of 
origin  to  point  of  destination  without  the  need  of  being  classified,  thus  eliminating 
attendant  delays  and  costs,  estimated  at  $10  per  car  per  switch  movement.  Com- 
puter simulations  of  train  operations  over  various  lines  have  been  used  to  display 
how  trains  can  be  routed  most  economically  from  an  overall  wage,  fuel  cost,  and 
time  standpoint.  Savings  to  the  carrier  arise  out  of  the  improved  utilization  of  invest- 
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ment   and   the   reduced   transportation   expense,   wliicli,    in   turn,   permit   railroads   to 
remain  competitive. 

This  t>'pe  of  answer  was  rehed  upon  in  meeting  the  recent  pipeline  threat 
which  stood  to  deprive  the  railroads  of  one  quarter  of  their  existing  traffic.  Today, 
at  least  half  the  railroad  tonnage  in  coal  moves  in  unit  trains  and  it  will  not  be  long 
until  a  vast  extension  of  this  service  will  enhance  all  bulk  commodities.  During 
October  1966,  the  Pennsylvania  Railroad  handled  a  300-car  train  with  30,146  tons 
of  payload  ore  which,  with  eight  diesel-electric  locomotives  and  tlie  caboose,  added 
up  to  a  gross  load  of  31,776  tons.  The  ore  was  loaded  from  ships  in  the  Delaware 
River  channel  and  the  train  was  powered  at  the  head-end  by  three  six-axle,  six- 
motor  units  rated  at  8,750  hp.  Two-thirds  of  the  way  back  in  the  train,  199  cars 
behind  the  lead  motive  power  units,  five  more  six-axle  diesels  with  a  rating  of  14,550 
hp  made  up  a  total  of  23,300  hp  available  for  the  movement.  Power  groups  are  tied 
togetlver  through  automatic  radio  control  of  the  five-unit  slave  consist  by  the  lead 
locomotive  unit.  Radio  control  of  the  slave  consist  .synchronized  both  power  and 
braking  operations,  distributed  the  drawbar  pull  in  the  train  to  maintain  stresses 
within  allowable  limits.  This  is  believed  to  be  the  heaviest  ti'ain  ever  operated.  It 
bears  out  the  idea  of  having  the  equivalent  of  an  ore  carrier  (in  a  single  train)  on 
rails,  which  was  the  original  conception  of  the  unit  train  as  such. 

4.  Motive  Power 

The  diesel-electric  locomotive  displaced  steam  motive  power  within  a  period  of 
approximately  three  years,  due  almost  entirely  to  its  improved  availability  factor 
and,  thereby,  saved  $1  billion  annually.  The  same  type  of  result  can  be  achieved 
and  exceeded  through  securing  twice  the  present  use  of  the  freight  car  fleet.  The  job 
is  one  of  being  able  to  find  some  way  of  administering  and  policing  the  movement 
of  each  and  every  freight  car.  Diesel-electric  locomotives  throughout  the  Nation  are, 
generally  speaking,  equally  good  and  of  uniform  age  not  exceeding  15  years.  Freight 
cars  are  not  equally  good  nor  by  any  means  of  a  uniform  age.  They  must  be  rim  to 
destruction  on  a  10-year  cycle  to  be  sufficiently  uniform  in  quality  to  be  acceptable 
to  shippers  without  selective  switching  and,  consequently,  lend  themselves  to  the 
important  factor  of  availability  which  today  holds  no  meaning  so  far  as  freight  cars 
are  concerned.  The  time  has  got  to  come  that  when  a  freight  car  is  offered  for  load- 
ing, it  will  be  found  fit  to  load  and  fit  to  run  without  fatigue  failures  being  experi- 
enced enroute,  which,  at  present,  demoralize  every  kind  of  forward-planned  pro- 
grams for  dependable  scheduled  performance.  Trackage  must  also  be  equally  good 
throughout  and  tested  to  a  fixed  standard  of  excellence  since  induced  exposure  to 
derailment  is  not  tolerable  where  quality-controlled  service  is  oftered. 

Experience  has  shown  that  the  economic  life  of  a  diesel-electric  locomotive  is 
roughly  15  years.  More  powerful  units,  ranging  between  2,500  and  3,000  hp,  are 
now  being  substituted  for  the  retired  1,350-hp  units.  Long-haul  units  ranging  around 
6,000  hp  are  in  use.  Newer  classes  of  diesel  engines  are  far  more  efficient  and  lend 
themselves  to  reducing  cost  of  locomotive  repairs  from  4.8  percent  of  gross  revenue 
to  2. .5  percent.  Automated  operation  of  trains  is  being  successfully  practiced  in 
Canada  and  this  Country. 

5.  Specialized  Cars 

A  major  advance  in  shipper  service,  adopted  to  regain  traffic  lost  to  competing 
modfs  and   to  de\elop  new  traffic,  enhances  the  designing  and  proxisioii  of  what  is 
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known  as  the  specialized  car  to  maximize  loading  and  reduce  shipper  costs  through 
making  loading  and  unloading  easier,  through  reducing  and  eliminating  damage  to 
shipments.  Each  type  of  car  is  designed  to  fit  a  special  requirement  of  a  given 
shipper  or  class  of  traffic,  and  usually  moves  in  a  captive  pool-  service.  As  freight 
rates  for  commodities  liauled  in  these  cars  include  incentive  rate  provisions  to 
enforce  shorter  turnaround  time  coupled  with  high  penalty  demurrage  rates,  it  fol- 
lows that  shippers  and  carriers  are  administratively  exposed  to  the  results  of  daily 
performance  and  such  cars  make  four  to  five  round  trips  per  month,  as  compared 
with  only  one  to  one-and-one-jhalf  trips  averaged  by  the  Class  I  railroad  car  fleet. 
The  best  known  example  of  the  specialized  car  is  the  tri-level  auto  rack  design, 
which  carries  boats,  golf  carts,  or  12  standard  or  15  compact  automobiles.  Each 
of  these  cars  makes  10  to  12  round  trips  per  month,  or  8  times  the  utilization  of  the 
average  freight  car.  There  is  no  more  direct  or  effective  means  of  cutting  railroad 
costs  per  shipment  than  through  a  wholesaling  concept. 

6.  Track  and  Upkeep 

Great  progress  has  been  made  in  mechanizing  track  maintenance.  Large  savings 
(around  20  to  30  percent)  have  been  secured  in  the  use  of  welded  rail,  since  fewer 
manhours  per  track-mile  are  necessary  to  maintain  required  standards.  A  new  rail 
anchor  re-setter,  which  squeezes  anchors  against  the  ties,  with  resulting  savings  in 
maintenance,  has  accelerated  the  use  of  welded  rails.  Special  track  maintenance 
equipment,  new  types  of  bridge  building  and  repair  apparatus,  more  efficient  rail 
welders,  and  specialized  machines  for  replacing  old  ties  with  new,  and  for  tamping 
ballast  and  aligning  and  testing  track,  have  gained  popularity  by  reason  of  their 
efficiency  compared  to  older  methods. 

7.  Communications,  Signals,  Automatic  Weighing  and 
Car  Identification  and  Data  Processing 

The  elimination  of  time-consuming  and  delayed  paperwork  for  both  shipper 
and  carrier  through  automation  of  communication  and  data  processing  results  in 
improved  use  of  equipment,  since  carriers  can  now  advise  shippers  of  the  exact  time 
of  shipment  arrival  and,  in  addition,  whether  the  railroad  has  a  sufficient  nimiber 
of  cars  available  to  meet  immediate  demands.  Delay  in  processing  accounting  and 
billing  functions  is  also  avoided  through  the  new  devices  now  used. 

The  substitution  of  microwave  for  conventional  pole-line  communication  sys- 
tems represents  an  important  opportunity  for  reducing  costs.  To  date,  such  installa- 
tions represent  about  25,000  miles  already  in  use,  and  recently  the  Illinois  Central 
has  decided  to  install  it.  Future  microwave  installations  may  be  accelerated  if  the 
Federal  Communications  Commission  cooperates  more  sufficiently.  Microwave  pro- 
vides a  key  connecting  link  between  many  of  the  railroad  industry's  potential  auto- 
mated functions,  such  as  automatic  car  identification  (ACI),  billing,  consist  trans- 
mission, and  hot  box  detection,  as  well  as  providing  voice  communication  channels 
and  train  radio  connections.  The  low  maintenance  and  low  operating  costs  of  micro- 
wave offer  a  marked  advantage  over  telephone  and  telegraph  systems.  Substantial 
potential  exists  for  using  microwave  to  set  up  a  complete  automatic  dispatching 
system — the  first  step  toward  automated  train  operations. 

A  further  area  where  operating  efficiencies  of  the  railroads  may  be  advanced, 
while   at   the   same  time   providing   woithwhile   economies,   is   in   the  field  of  tech- 
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nologiral  improxements  in  signaling  whicli  ha\'e  initially  paralleled  tlu)Si>  in  fhi^  elet'- 
tronic'S  industry.  Modem  classification  yards  now  permit  sorting  of  cars  and  a.ssem- 
bling  trains  under  strict  control  of  timing  and  cost.  Centralized  Traffic  Control 
(CTC)  is  now  being  used  extensively  wherever  upgrading  of  service  is  sought. 
Newer  dexelopments  even  involve  automatic  dispatching  in  CTC  territory,  auto- 
matic car  identification  systems,   and  radio  technologies. 

One  of  the  newer  technological  developments  is  a  scale  which  weighs  cars-in- 
motion  while  coupled  in  a  train.  These  scales  are  based  on  the  application  of  an 
electronic  strain  gauge  to  an  isolated  section  of  track.  The  weight  is  then  printed 
out  in  tlie  spot  or  at  some  distant  center. 

Automatic  car  identification  (ACI)  equipment  can  be  linked  to  a  computer 
which  processes  the  infonnation  so  that  no  clerical  help  is  needed.  A  number  of 
major  railroads  are  working  on  the  development  of  an  adequate  electronic  data  proc- 
essing system  (EDP).  Initially,  the  railroads  used  these  services  to  produce  payroll 
cheques,  to  audit  income  statements,  and  for  other  accounting  and  bookkeeping 
functions.  This  was  followed  up  for  complete  analysis,  processing,  and  control  of  all 
railroad  operations  by  EDP.  No  system  is  as  yet  complete,  but  it  does  contemplate: 

1.  Complete  information  on  the  origin,  consist,  revenue,  and  profitability  of 
every  car  moved. 

2.  Automatic  billing. 

3.  Analysis  of  existing  and  potential  traffic,  in  order  to  make  accurate  rate 
and   service   decisions   possible. 

4.  Instant  information  to  shippers  as  to  location,  routing,  and  arrival  of 
shipments. 

5.  Equipment  control  to  eliminate  present  low  utilization  and  high  rental 
costs. 

6.  Scheduling  and  automatic  makeup  of  all  trains,  taking  into  account 
priority,  grades,  availability  of  motive  power,  and  conditions  at  receiving 
points. 

7.  Inventory  control  by  automatically  processing  orders,  bids,  and  distribution. 

8.  Performance   profiles   of   individuals,   departments   and   movements. 

9.  Automatic  car  identification. 

No  single  system  has  yet  been  devisetl  which  integrates  all  these  functions. 
Car  infonnation,  etiuipment  control,  and  automatic  car  identification  appear  to  be 
clues  to  a  reasonably  close,  commercially  available  solution.  Performance  profiles 
are  progressing;  automatic  billing  and  automatic  train  makeup  have  only  partial 
solutions,  and  a  great  deal  more  is  needed  to  give  promise  to  the  task. 

8.  Passenger  Service 

Twenty  percent  of  the  Nation's  population  resides  on  1.4  percent  of  its  land 
located  along  the  East  Coast  from  Southern  New  Hampshire  to  Northern  Virginia, 
and  it  accounts  for  about  20  percent  of  the  Nation's  employment  and  one-third  of 
its  wages  and  salaries.  The  scale  of  intercity  travel  within  this  area  is  already  at 
such  a  rate  that  its  velocity  is  being  strangled;  highway  movements  are  practically 
choked  to  a  standstill  and  airline  traffic  shows  a  tendency  of  l^eing  dangerously 
overcrowded.   A  recent  study  revealed   the  following: 
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Averafic  Daili/ 

Travel 

Cars- 

Buses 

New  ^'ork- 

WashinKton     .  .  . 

.   4,000 

2,300 

New   York— Boston 

.    4,800 

]  ,400 

New  York- 

Philadelphia    .  .  . 

.  12,000 

2,100 

1,575 
1,295 

5,400 


20,800  5,800  14,000  8,270  Total  48,870 

It  is  estimated  that  the  population  will  inci'ease  by  30  percent  in  the  next  two 
decades.  In  terms  of  safety,  .speed,  and  economic  and  social  cost,  any  possible  expan- 
sion of  superhighways  along  this  600-mile  stretch  is  not  an  acceptable  answer.  The 
economic  cost  alone  of  widening  existing  routes  is  prohibitive.  Air  lanes  and  metro- 
politan air  fields  are  congested  and  there  are  severe  limitations  upon  placing 
increased  reliance  upon  air  travel  within  the  region.  The  Nation  is  in  serious  need 
of  modem  and  effective  railway  passenger  service  designed  to  satisfy  the  accel- 
erating requirements,  including  rapid  commuter  transit.  It  is  clear  that  to  move 
trains  faster  than  200  mph  will  require  friction-free  methods,  such  as  air-cushioning. 
In  this  method,  a  downward  blast  holds  the  vehicle  just  off  the  ground  and  thus 
provides  a  cushion.  Some  form  of  propulsion,  such  as  a  propeller,  or  jet  engine, 
then  drives  it  forward.  The  noise  problem,  however,  is  so  prominent  that  those  best 
qualified  to  judge  the  requirements  are  turning  to  the  use  of  electric  propulsion. 
For  many  years,  engineers  have  worked  on  bringing  out  a  motor  in  which  electric 
induction,  instead  of  acting  on  the  circular  surface  of  a  wheel,  would  act  on  a 
straight  surface  or  rail.  A  major  difficulty  is  in  delivery  power  to  a  train.  The 
pantographs  that  collect  power  from  overhead  wires  on  conventional  trains  would 
not  work  at  such  elevated  speeds.  In  the  meantime,  therefore,  railroads  will  be 
required  to  deal  with  the  problem  in  making  a  start  toward  relieving  congestion  by 
furnishing,  with  Federal  assistance,  services  in  the  range  of  100  to  150  mph  top 
speeds.  Railroad  facilities  simply  must  be  provided  for  mass  transit  within  indi- 
vidual metropolitan  areas  and  embrace  both  a  vastly  improved  medium-range,  high- 
speed, intercity  train  service  within  given  zones,  and  a  basic  core  of  relatively  rapid 
long-distance  trains  joining  the  large  metropolitan  areas  of  the  Nation. 

9.  Quality  Control 

A  fully  integrated,  all-inclusive  computer  system  may  be  expected  to  evolve 
some  time  in  the  near  future  to  display  operational  data  piece-by-piece  to  aid  in 
complex  decision-making.  The  tendency  of  managers  to  use  computer  data  as  an 
excuse  for  failing  to  take  proper  action  on  setting  and  policing  targets,  is  far  too 
prevalent.  To-date,  it  has  been  found  feasible  to  place  all  existing  rates  into  a  control 
computer  system  which  can  be  interrogated  by  each  rate  clerk  and  automatically 
displays  the  lowest  rate  and  preferred  routing.  If  this  system  can  be  commercially 
set  up,  it  will  provide     a  major  step  toward  automatic  billing. 

It  has  been  estimated  that  a  mere  advance  of  10  percent  in  freight  car  utiliza- 
tion could  be  easily  attainable  through  a  consolidated  car  location  control  system 
and  quick  .spotting  of  dirty  cars  released  by  shippers,  which,  at  present,  constantly 
cancels  the  availability  of  50,000  useable  cars  for  revenues  use  and  creates  an  added, 
avoidable,  cost  of  more  than  $350  million  annually.  In  this  connection,  a  number 
of  administrations  have  developed  production-line  facilities  for  mechanical  cleaning 
of  dirty  cars  with  very  impressive  savings  over  ordinary  methods.  Selective  switch- 
ing to  secure  cars  satisfactory  lo  shippers  could  also  be  policed  and  show  marked 
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savings  since  each  such  case  costs  at  least  $10  for  eacli  switching  service;  the  total 
of  which  might  well  be  enormous  subject  to  final  elimination  through  more 
enlightened   management  methods. 

Train  make-up  and  dispatcln'ng,  now  a  complex  operating  cost  item,  amounting 
to  one  quarter  of  a  l)illion  dollars,  could  also  be  cut  in  half  by  modern  methods. 
In\^entories  and  purchasing  expense  will  lend  itself  also  to  more  effective  control 
with  a  sizeable  sa\'ing  and  better  service  rendered. 

When  the  hardware  becomes  a\'ailable  to  deal  with  all  the.se  tasks,  it  may  well 
be  found  that  it  would  generate  enough  cash  to  recover  its  first  cost  in  one  and  not 
to  exceed  two  years  of  full  operation.  The  intangible  benefits  would  be  better  (jual- 
ity  control  of  serxice,  more  effective  marketing  and  rate-making  information,  and 
more  dependable  transportation  service.  This  cannot  be  achieved  unless  many  of 
the  problems  associated  with  quality'  and  control  of  the  data  itself  are  finally  solved, 
and  until  management  is  made  shockingly  aware  of  the  need  to  control  effectively 
some  of  the  vast  avoidable  losses  which  are  now  innocently  accepted,  because  of 
not  being  properly  exposed  for  what  they  are.  The  railroad  industry  will  continue 
to  have  to  struggle  for  its  life  to  remain  competitive.  A  full  recognition  of  how 
greatly  inno\'ation  can  really  help  to  find  answers  and  give  priority  to  potential 
practices  for  improvement  to  displace  outmoded  means  of  administrating  the 
sprawling  giant  railroad  industry,  the  sooner  it  will  gi\'e  more  and  better  service  per 
dollar  of  outlay.  There  is  a  direct  relationship  between  methods  used  and  transport 
qualit\'.  Standardization,  mechanization,  automation  are  landmarks  in  the  evolu- 
tion of  freight-handling  methods.  They  are,  in  the  first  place,  economically  justified 
and  indispensable  for  advancing  the  excellence  of  services  offered.  There  is  no  doubt 
that  the  le\el  of  quality  of  railroad  service  is  influenced  by  competing  modes.  The 
entire  problem  of  quality  service  of  railroads  is,  therefore,  specific  to  our  Nation, 
where  competition  is  a  hard  realit>\  One  might  feel  tempted  to  reduce  the  quality 
problem  to  a  mere  outlining  of  what  the  competition  offers  but  that  would  violate 
economic  considerations.  Fixing  optima  of  transport  quality  is  a  rather  intricate 
problem — it  does  not  seem  possible  to  find  a  common  denominator  either.  Time 
plays  an  important  part  in  different  ways  but  there  is  an  element  like  the  rendering 
of  damage-free  ser\ice  which  has  not  very  much  to  do  with  time.  In  any  event,  cost 
is  decisive  and  to  remain  competitive,  efficiency  is  imperative. 


Chairman  Ward:  This  is  the  final  report  on  Assignment  8,  'Tnno\ations."  I 
want  to  thank  you,  Mr.  Miller,  for  your  usual  fine  work. 

Two  new  assignments  have  been  approved  for  study  b>   the  Board  of  Directors. 

I  wish  to  thank  all  the  members,  subcommittee  chairmen,  the  secretary  and 
the  vice  chairman  of  Committee  16  who  have  worked  faithfully  and  enabled  us  to 
make  possible  this  report. 

Mr.  Hutcheson  this  toiichides  the  report  or  ('oinnn'tlcc  ](i,  unless  there  are 
some  questions. 

Vice  PREsroENx  Hutcheson:  Thank  \ou,  sir.  Mr.  Ward  before  excusing  your 
connnittee,  we  have  one  important  item  of  business  that  would  be  most  appropriate 
while  you  and  your  committee  are  on  the  podium. 

I  believe  you  will  recall  that  last  fall  we  stole  one  of  your  subcommittee  chair- 
men and  appointed  him  chairman  of  our  new  Special  Committee  on  Systems  Engi- 
neering. We  want  to  recognize  this  man  and  his  vice  chairman  and  to  pre.sent  him 
with  his  chairman's  gavel. 
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Tlic  chairman,  of  course,  is  L.  V.  Diamond,  transportation  systems  planner, 
Chesapeake  &  Ohio  Railway-Baltimore  &  Ohio  Railroad,  Baltimore,  Md.  He  has 
been  a  subcommittee  chairman  for  Committee  16  for  a  number  of  years.  Mr.  Dia- 
mond, will  you  please  come  forward. 

Mr.  Diamond,  I  want  to  present  this  gavel  to  you  as  a  symbol  of  your  authority 
in  the  new  special  committee  of  the  Association.  The  inscription  reads:  "L.  P.  Dia- 
mond, Chairman,  Special  Committee  on  Systems  Engineering,  1967-1969." 

L.  P.  Diamond:  Thank  you  very  much,  Mr.  Hutcheson. 

Vice  President  Hutcheson:  Your  committee  is  the  Association's  first  venture 
in  this  field,  and  it  will  collaborate  with  the  new  Data  Systems  Division  of  the  AAR. 
It  is  an  important  assignment,  and  we  look  forward  to  the  work  of  your  committee. 

I  would  also  like  to  present  the  new  vice  chairman  and  ask  that  he  stand  to  be 
recognized,  W.  R.  Bjorklund,  director  of  industrial  engineering,  Northern  Pacific 
Railway,  St.  Paul,  Minn.,  Mr.  Bjorklund.  I  don't  believe  he  is  present. 

Mr.  Ward,  your  committee  is  now  excused  with  the  thanks  of  tlie  Association. 

Discussion  on  Economics  of  Railway  Labor 

[For  report,  see  Bulletin  603,  page  275] 

Vice  President  Hutcheson:  Committee  22  will  now  present  its  report.  As  an 
old  alumnus  of  Committee  22,  I  feel  very  much  in  place  at  the  podium  with  its 
members. 

M.  S.  Reid,  assistant  cluef  engineer — maintenance,  Chicago  &  North  Western 
Railway,  Chicago,  is  the  chainnan,  he  is  also  a  director  of  this  Association.  Mr. 
Reid. 

CHAmMAN  M.  S.  Reid:  Thank  you,  Mr.  Hutcheson.  Mr.  Vice  President,  mem- 
bers of  the  Association  and  guests:  The  report  of  Committee  22 — Economics  of 
Railway  Labor,  covers  six  assignments  and  appears  in  Bulletin  603,  pages  275  to 
291,  inch  During  the  past  year  the  committee  held  three  meetings,  which  included 
inspection  of  equipment  and  facilities  on  the  Canadian  Pacific  and  Canadian  Na- 
tional Railway  at  Winnipeg  and  an  inspection  of  tie  installing  equipment  and  a  yard 
cleaner  on  the  Southern  Pacific. 

Assignment  1 — Revision  of  Manual. 

Chairman  Reid:  No  revisions  of  Chapter  22  of  the  Manual  are  deemed  neces- 
sary at  this  time.  However,  I  would  like  to  recognize  E.  J.  Brown,  assistant  vice 
president — operations,  Burlington  Lines,  as  chairman  of  this  subcommittee.  Mr. 
Brown. 

Assignment  2 — Analysis  of  Operations  of  Railways  that  have  Substantially 
Reduced  the  Cost  of  Labor  Required  in  Maintenance  of  Way  Work. 

Chairman  Reid:  The  report  on  Assignment  2  will  be  given  by  Subcommittee 
Chairman  A.  E.  Shaw,  Jr.,  superintendent  maintenance  of  way  equipment,  Penn- 
sylvania Railroad.  Mr.  Shaw. 

A.  E.  Shaw,  Jr.:  This  report,  submitted  as  information,  describes  the  field  trip 
made  by  the  committee  on  July  18  and  19,  1966,  covering  the  Canadian  National 
Railway's  Symington  Yard,  Winnipeg,  Manitoba,  Canadian  Pacific  Railway's  tie 
renewal  gang  and  surfacing  gang  in  the  vicinity  of  Winnif)eg,  the  Canadian  National 
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Railway's  reclamation  plant  and  Canadian  Pacific's  and  Canadian  National's  road- 
way shops  in  the  same  area.  It  is  the  25th  report  on  "Analysis  of  operations  of  rail- 
roads tliat  ha\e  substantially  reduced  the  cost  of  labor  required  in  maintenance  of 
way  work",  which  has  been  reassigned  annualK-  since  1935.  The  complete  report 
begins  on  page  276,  Bulletin  603,  December  1966. 

I  wish  to  thank  each  member  of  the  committee  who  contributed  to  the  prepara- 
tion of  the  report.  Also,  I  would  like  to  extend  thanks  to  the  Canadian  National  and 
the  Canadian  Pacific  for  their  comtesy  to  the  committee  during  its  stay  in  the 
Winnipeg  area. 

Assignment  3 — Labor  Economics  in  Organizing  Mechanized  Forces  for  Track 
Maintenance. 

Chairman  Reid:  The  report  on  Assignment  3  will  be  gi\en  by  Subconiiuittec 
Chairman  R.  W.  Pember,  assistant  chief  engineer,  Louisville  &  Nashville  Railroad. 
Mr.  Pember. 

R.  W.  Pember:  Mr.  Hutcheson,  Mr.  Chairman,  gentlemen:  The  report  on  As- 
signment 3  appears  in  AREA  Bulletin  603,  Vol.  68,  page  286,  December  1966.  The 
information  in  the  report  was  based  on  statistical  data  from  the  railroads  which 
answered  questionnaires  on  the  subject.  The  data  \\ere  taken  from  reports  which 
had  been  furnished  to  the  Interstate  Commerce  Commission. 

This  report  indicates  a  reduction  in  the  labor  cost  per  track  mile  between  the 
years    1950  and   1964.   However,  less  material  was  installed  in   1964  than   in   1950. 

This  is  a  final  report,  submitted  as  information. 

CHAraM.-^x  Reid:  Thank  \ou,  Mr.  Pember.  I  don't  know  how^  many  of  you 
gentlemen  have  had  the  opportunity  to  look  over  diis  report.  If  you  haven't  I  hope 
you  will  some  day,  because  it  contains  a  great  amount  of  information  which  took 
considerable  time  to  compile,  not  only  on  the  part  of  our  subcommittee  and  sub- 
committee chairman,  but  also  of  tlie  various  railroads  that  replied  to  our  ques- 
tionnaire. 

Assignment  4 — What  Various  Railroads  Have  Done  to  Effect  Economies  in 
Track  Inspection. 

CH.\mMAx  Reto:  The  study  of  this  subject  is  in  progress  and  it  is  expected  that 
a  re^xirt  will  be  made  next  year.  John  Fox,  assistant  engineer  of  track,  Canadian 
Pacific  Railway  is  chairman  of  this  subcommittee.  I  don't  believe  he  was  able  to  be 
present  today. 

Assignment  5 — Economics  of  Track  Labor  in  the  Maintenance  of  Continuous 
Welded  Rail. 

CHAmMAN  Reid:  N.  H.  Williams,  bridge  and  l)uilding  master,  Delaware  & 
Hudson  Railroad,  chairman  of  this  subcommittee,  was  not  able  to  be  here  today. 
However,  he  has  already  gathered  considerable  information  on  this  subject  and 
expects  to  make  a  report  next  year. 

Assignment  6" — Economics  of  Maximum  Mechanization  in  Yards  and  Terminals. 

CHAmMAN  Reid:  The  study  of  tliis  subject  is  in  progress.  |.  W.  Brent,  regional 
assistant  chief  engineer,  C&O-B&O  Railway,  chairman  of  the  subcommittee,  was 
unable  to  l;e  witli  us  today. 
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Assignment  7 — Economics  of  Rail  Grinding. 

Chairman  Reid:  The  report  on  this  assignment  will  be  given  liy  Subcommittee 
Chairman  R.  P.  Howell,  engineer  maintenance  of  way  and  structures,  Washington 
Terminal  Company.  Mr.  Howell. 

R.  P.  Howell:  Mr.  President,  members  and  guests:  The  complete  report  on 
this  assignment  is  included  in  Bulletin  603,  pages  288-291,  and  was  prepared  on 
the  liasis  of  (juestionnaires  returned  by  26  roads. 

General  information  was  sought  in  regard  to  total  mileage,  yearly  continuity, 
type  and  preparation  of  track,  and  scheduling  and  operation  of  individual  grinding 
programs.  Reasons  for  grinding  were  set  forth  and  further  scrutinized  through  pro- 
gram categorizing  of  rail  age,  jointed  or  continuous  welded  rail,  primary  or  second- 
ary track  and  rail  surface  defects  to  be  corrected.  Batter  measurement  and  their 
application,  and  various  grinding  methods  and  their  effect  are  further  discussed  and 
analyzed  in  this  report. 

Costs  of  grinding  trains,  including  work  train  service,  on  basis  of  a  pass-mile, 
and  a  balanced  program  track-mile,  are  also  included  in  detail.  The  return  of  other 
cost  information,  particularly  the  comparisons  of  costs  of  track  maintenance  items 
before  and  after  grinding,  was  minimal.  However,  a  few  comprehensive  studies 
documented  labor  savings  made  in  certain  maintenance  operations  as  a  result  of  rail 
grinding,  particularly  emphasizing  reduction  or  elimination  of  "out  of  face"  joint 
welding  programs. 

Further,  much  intangible  evidence  in  grinding's  behalf  was  received,  the  majority 
oriented  to  statements  proclaiming  extension  of  rail  "life",  from  which  resulting 
economies  are  derived. 

It  is  the  committee's  conclusion  that  a  need  exists  for  continuing  research  into 
rail  grinding  and  additional  specific  data  are  required  before  this  assignment  could 
be  truly  satisfied.  However,  in  view  of  the  weight  of  the  favorable  evidence  towards 
realization  of  labor  economies  as  set  forth  in  this  study,  it  would  appear  that  greater 
interest  towards  use  of  grinding  would  be  stimulated. 

This  report  is  submitted  as  information. 


Chairman  Reid:  Mr.  Hutcheson,  this  concludes  the  presentation  of  the  report 
of  Committee  22.  However,  at  the  termination  of  tliis  Convention  my  term  as  chair- 
man will  be  concluded.  I  would,  therefore,  like  to  take  this  opportunity  to  express 
my  appreciation  for  the  fine  cooperation  the  committee  has  given  me  these  past 
three  years,  and  I  especially  thank  those  members  who  have  served  as  subcommittee 
chairrrien,  and  others  who  have  so  faithfully  assisted  the  subcommittee  chairmen 
in  helping  to  carry  out  the  assignments  during  this  period.  It  has  been  especially 
gratifying  to  me  to  have  served  as  chairman  for  such  an  outstanding  group. 

Before  I  leave  the  rostrum,  I  would  at  this  time  like  to  introduce  the  new 
officers  of  Committee  22. 

Chairman,  H.  W.  Kellogg,  regional  assistant  chief  engineer  of  the  C&O-B&O 
Railway,  Richmond,  Va. 

Vice  chairman,  R.  W.  Pember,  assistant  chief  engineer,  Louisville  &  Nashville 
Railroad,  Louisville,   Ky. 

Secretary,  H.  C'.  Minteer,  chief  engineer,  Ihiioii  Station  Company,  Chicago. 

Thank  you,  Mr.  Hutcheson. 

Vic:e  Phesujent  Hutcheson:  Thank  you,  Mr.  Reid.  The  Association  appreciates 
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the  al)le  and  dedicated  leadership  which  you  have  given  to  Committee  22,  and  now 
you  can  take  yoin-  place  in  the  long  line  of  distinguished  ex-chairmen  of  that 
committee. 

Mr.  Kellogg,  we  are  deliglited  to  welcome  you  as  the  new  chairman  of  the  com- 
mittee. In  addition  to  his  t)ther  positions,  he  serves  as  a  director  of  this  Association. 

Mr.  Kellogg,  I  want  to  present  you  this  gavel  as  a  symhol  of  your  authority. 
It  is  inscribed:   "H.  W.  Kellogg,  Chairman,  AREA  Committee  22,  1967-1969." 

Mr.  Pember,  we  are  delighted  to  have  you  as  vice  chairman  of  this  important 
committee. 

Your  committee,   Mr.   Reid,  is  now  excused  with  the  thanks  of  the  Association. 


Vice  PREsroENx  Hutcheson  (continuing):  This  completes  this  morning's  ses- 
sion. I  would  like  to  remind  you  the  Convention  will  reconvene  promptly  at  2  o'clock 
in  this  room.  The  opening  feature  of  this  session  will  be  showing  of  the  new  AAR 
color  motion  picture  entitled,  ''New  Directions  in  Modern  Railroading."  The  first 
report  will  be  made  ])y  Connnittee  7 — Wood  Bridges  and  Trestles. 

The  registration  at  noon   today  totaled  834. 

The  morning  session  is  now  adjourned. 

[The  meeting  recessed  at  12:05  o'clock.] 

Annual   Luncheon,   March  9,    1967 

[The  Annual  Luncheon  of  the  Association  was  held  in  the  Williford  Room, 
beginning  at  12:20  pm.  At  the  main  speaker's  table  were  seated  the  officers  of  the 
Association,  several  past  presidents,  and  a  number  of  special  guests.  At  a  long  table 
immediately  in  front  of  the  main  speaker's  table  were  seated  the  chairmen  of  the 
Association's  23  standing  and  special  committees.  In  greeting  those  at  the  luncheon. 
President  Trissal  spoke  as  follows:] 

President  Trissal:  Members  of  the  American  Railway  Engineering  Association 
and  guests,  welcome  to  our  Annual  Luncheon.  We  hope  this  will  be  one  of  the  high- 
lights of  your  attendance  at  the  Convention  and  that  all  of  you  will  enjoy  the  com- 
pany of  other  members  of  the  Association  and  the  supply  company  representatives 
at  your  table. 

Seated  here  at  our  speaker's  table  are  your  officers  and  a  number  of  special 
guests,  all  of  whom  will  be  introduced  immediately  after  this  Luncheon.  At  that 
time,  also,  I  expect  to  be  able  to  announce  to  you  the  results  of  our  election  of 
officers  for  the  ensuing  year.  Until  then,  let's  all  enjoy  oiu'  luncheon  together. 

[Luncheon  was  served.  After  the  Luncheon  President  Trissal  spoke  as  follows:] 

President  Trissal:  As  president  of  the  American  Railway  Engineering  Asso- 
ciation, I  welcome  you  here  to  this  Annual  Luncheon  of  our  Association.  I  will  now 
introduce  those  at  the  speaker's  tal)le.  Applause  should  be  witliheld  until  all  have 
been  introduced. 

[President  Trissal  then  introduced  those  at  the  main  speaker's  table.] 

President  Trissal  (continuing):  I  will  now  recognize  the  chairmen  of  our  23 
standing  and  special  committees  seated  at  the  long  table  immediately  in  front  of 
me.  I  do  not  say  introduce,  because  all  these  men  are  well  known  to  most  of  you. 
However,  I  do  want  to  recognize  them  in  appreciation  of  the  service  which  they 
render  to   this  Association   through   the  leadership  and  direction  which  they  give  to 
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our  committees.  Each  one  should  stand  as  his  name  is  read,  and  remain  standing 
until  all  have  been  presented.  And  again,  to  conserxe  time,  please  withhold  your 
applause  until  the  last  of  our  chairmen  has  been  presented. 

[President  Trissal  then  presented  those  at  the  chairmen's  table.] 

President  TmssAL  (continuing):  During  the  course  of  our  Luncheon,  as  I 
expected,  the  executive  secretary  presented  to  me,  from  the  chairman  of  our  Tellers 
Committee,  J.  E.  Wiggins,  Jr.,  office  engineer.  Southern  Railway  System,  an  official 
copy  of  the  Report  of  the  Tellers,  giving  the  results  of  our  1967  election  of  officers. 
I  hold  this  report  in  my  hand,  and  I  would  like  to  read  the  names  of  those  whom 
you  have  selected  to  direct  the  overall  policies  of  our  Association  for  the  coming 
year.  As  I  read  their  names,  I  would  appreciate  their  standing  and  remaining  stand- 
ing until  the  last. of  the  names  on  the  list  have  been  read.  I  know  it  will  be  difficult 
for  you  to  refrain  from  applause  as  each  name  is  read,  but  I  shall  appreciate  your 
doing  so  in  the  interest  of  conserving  time. 

[President  Trissal  then  read  the  names  of  the  newly  elected  officers  and  direc- 
tors   (see  page  530),  continuing  as  follows:] 

PREsroENT  Trissal:  I  would  now  like  to  read  the  names  of  the  five  elected 
members  of  the  Nominating  Committee,  who,  together  with  the  five  most  recent  liv- 
ing past  presidents  of  our  Association,  will  constitute  the  Nominating  Committee  as 
a  whole  for  the  1968  election.  As  I  read  the  names  of  these  men,  I  shall  appreciate 
their  standing  and  remaining  standing.  Again,  please  withhold  your  applause. 

[President  Trissal  then  read  the  names  (see  page  530),  continuing  as  follows:] 

President  Trissal:  Our  new  officers  will  be  installed  at  the  Closing  Business 
Session  of  our  Convention,  which  we  expect  will  get  under  way  at  12:15  tomorrow, 
and  be  completed  by  12:45.  I  hope  that  many  of  you  will  be  present  at  that 
ceremony. 

Just  prior  to  the  start  of  our  Luncheon,  President  Charles  Miller  of  the  Railway 
Engineering — Maintenance  Suppliers  Association  requested  the  privilege  of  tlie  floor 
before  the  Luncheon  adjourned.  Since  we  will  adjourn  immediately  after  our  fea- 
tured speaker  finishes,  I  will  grant  Mr.  Miller's  request  now  and  ask  him  to  come 
to  tlie  microphone.  Mr.  Miller. 

[REMSA  President  Miller  came  to  the  microphone  and  presented  a  REMSA 
plaque  to  AREA  President  Trissal,  after  which  President  Trissal  introduced  the 
Annual  Luncheon  speaker,  as  follows:] 

President  Trissal:  Our  speaker  today  is  often  referred  to  as  the  dean  of  rail- 
way executives.  This  title  is  richly  deserved,  as  he  was  president  of  the  Illinois 
Central  Railroad  from  1945  until  his  elevation  to  chairman  of  the  board  in  1966. 
He  likewise  has  been  a  director  of  the  AAR  since  1950  and  is  the  senior  member 
in  point  of  service.  In  addition  to  his  career  as  a  railway  executive  he  has  been  very 
active  in  the  Boy  Scouts  and  has  received  practically  every  honor — such  as  the 
Silver  Beaver,  Silver  Antelope  and  Silver  Buffalo^ — that  the  Boy  Scouts  award.  And 
he  is  a  most  active  church  member.  I  well  recall  that  I  followed  sometime  after  him 
as  a  trustee  in  a  small  community  church  on  the  South  Side  of  Chicago  and  was 
constantly  being  reminded  of  his  contributions  to  the  church.  For  example,  one  of 
the  contributions  was  a  locomotive  bell,  and  my  only  answer  to  the  other  trustees 
was  that  maybe  he  donated  the  bell  before  he  found  out  we  could  sell  them.  He 
also  has  been  very  active  in  civic  affairs,  having  served  as  a  trustee  of  several  uni- 
versities, including  one  of  the  great  ones  of  the  country,  although  I  may  be  a  little 
biased — the  University  of  Illinois.  He  has  been  a  trustee  of  this  university  longer 
than  any  other  individual. 
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He  has  served  in  e\ery  department  on  the  raihoad  except  Law  and  Engineer- 
ing, and  I  can  assure  you  that  when  lie  starts  questioning  me  on  some  engineering 
matters  it's  hard  to  heHe\e  that  he  did  not  come  up  throngli  the  engineering  ranks. 

Gentlemen,  I  give  you  my  long-time  associate,  boss  and  good  friend,  Wayne  A. 
Johnston,  chairman  of  the  hoard,  Illinois  Central  Railroad. 

Full   Speed   Into  the   Future 

By    WAYNE    A.    JOHNSTON 
Chairman    of    the    Board,    Illinois    Central    Railroad 

It  is  a  special  pleasure  to  greet  you  today,  because  being  here  is  soniethiiig  oi 
an  anniversary  for  me.  Eleven  years  ago,  almost  to  the  day  and  hour,  I  addressed 
the  1956  Annual  Luncheon  of  the  American  Railway  Engineering  Association — 
honored  them  as  now.  The  very  fact  that  you  invited  me  back  for  this  occasion  today 
is  sigiiificant.  I  have  been  wondering  if  you  just  wanted  to  find  out  whether  some 
of  the  items  I  noted  more  than  a  decade  ago  have  come  true  or  not. 

I  would  be  the  first  to  admit  that  listening  to  the  ideas  set  forth  by  some  of  the 
fine  engineers  on  the  Illinois  Central  helped  me  put  my  thoughts  together  for  presen- 
tation to  your  group  11  years  ago.  You  will  agree,  I  am  sure,  that  men  like  Allen 
Sams,  Charlie  Mottier,  George  O'Rourke  and  odiers,  present  and  past,  have  carried 
forward  the  high  principles  of  railway  engineering.  We  are  proud  too  of  the  dis- 
tinction of  an  Illinois  Central  man  having  been  the  first  president  of  the  American 
Railway  Engineering  Association.  His  name  was  John  F.  Wallace,  and  he  was  chief 
engineer  of  the  Illinois  Central  in  1899  when  he  assumed  the  duties  of  leading  this 
Association. 

Other  illustrious  names  from  our  railroad's  past  who  served  your  group  as  presi- 
dent were  Larry  Downs,  a  predecessor  of  mine;  D.  J.  Brumley,  who  was  our  chief 
engineer  in  the  late  twenties;  and  L.  W.  Baldwin,  who  also  ser\ed  as  president  of 
the  Missouri  Pacific.  Your  current  president,  our  friend  Jack  Trissal,  is  a  devoted 
worker  for  both  our  railroad  and  your  Association. 

While  I  am  on  the  subject  of  Jack  Trissal  let  me  tell  you  what  a  strong,  vital 
man  you  have  working  for  you.  After  he  graduated  from  the  University  of  Illinois, 
he  joined  om-  company  in  1925.  Thirt>'-three  years  later  he  assumed  the  duties  of 
vice  president  and  chief  engineer.  In  1964  we  put  him  onto  something  new  and 
exciting:  the  development  of  our  newly  formed  holding  company,  Illinois  Central 
Industries.  Since  then  Jack  has  been  busy  examining  possible  acquisitions  and  work- 
ing on  the  negotiations  involving  our  Chicago  air-rights  property.  Just  a  few  days 
ago.  Jack  assumed  a  new  title  in  our  Illinois  Central  Industries  as  vice-president, 
real  estate  and  development.  In  his  new  position  he  will  continue  to  carry  out  the 
Illinois  Central  Industries'  diversification  program  and  at  the  same  time  he  will  also 
supervise  the  sale,  purchase  and  leasing  of  railroad  property.  In  the  railroad  sphere 
he  has  always  been  a  busy  man.  At  one  time  he  headed  the  important  AAR  com- 
mittee that  studied  automation  on  the  railroads.  For  your  Association  he  has  spent 
more  Uian  25  years  on  committee  work.  In  1960  he  was  elected  a  director  of  this 
.Association,  and  last  year  he  was  named  your  president.  Because  Jack  Trissal  is  an 
Illinois  Central  man,  I  feel  that  I  have  an  inside  track  here  today. 

Eleven  years  ago,  as  president  of  our  railroad,  I  made  a  few  suggestions  to  tlie 
American  Railway  Engineering  Association  regarding  the  prospects  for  the  railroad 
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industry — without  lienefit  of  a  crystal  ball,  I  might  add.  Let  us  now  examine  some 
of  those  suggestions  of  11  years  ago  and  then  contrast  them  with  railroading  today. 
Finally,  we  can  turn  over  the  pages  for  some  thoughtful  glimpses  into  the  world  of 
railroading  that  I  envision  for  the  future. 

Back  in  '56,  lightweight,  articulated  passenger  trains  were  the  darlings  of  the 
hour.  Experimental  trains  with  space-age  names  rolled  in  all  directions,  both  here 
and  overseas.  Although  some  of  the  equipment  of  those  early  efforts  now  rests  in 
museums  around  the  country,  the  lessons  learned  from  tliem  point  the  way  to  what 
is  to  come.  Ten  years  ago  few  people  thought  seriously  of  passenger  runs  doing 
more  than  100  mph,  yet  everyone  in  tliis  room  has  heard  about  such  experiments 
as  the  New  York  Central's  jet-powered  car  moving  at  more  than  180  mph. 

The  fact  that  planners  of  the  Northeast  Corridor  transportation  system  are 
thinking  in  terms  of  lightweight,  high-speed  equipment  for  110-mph  operation  indi- 
cates that  tile  engineers  who  provided  roadbeds  for  the  TALGO  train,  or  the 
Rocket-X,  or  the  Explorer,  laid  much  useful  groundwork,  as  did  the  men  who  de- 
signed the  train  themselves.  Faster  trains  acquire  easier  curves  and  elevated  outside 
rails.  I  was  interested  to  learn  recently  that  to  provide  for  110-mph  operation,  a 
1-degree  curve  has  to  have  SM  in  of  super  elevation.  You  track  specialists  here  today 
have  a  good  deal  to  think  about  in  the  years  to  come,  for  10  years  from  now  we 
likely  will  be  seeing  trains  do  upwards  of  150  mph  on  straight  track  in  the  everyday 
course  of  operations.  This  is  where  research  becomes  important.  Better  than  a 
decade  ago  I  also  touched  on  this  subject  and  what  I  said  then  still  holds  true  today: 
namely,  I  stressed  the  prime  importance  of  all  types  of  engineering  research.  Many 
of  you  in  this  room  are  actively  engaged  in  research  work  on  your  own  properties. 
It  has  been  said  that  the  American  railroads  are  a  quarter-of-a-million-mile  "proving 
ground."  It  is  impossible  to  put  a  price  tag  on  or  measure  the  dollar  value  of  rail- 
road research  projects,  but  unquestionably  they  have  served  a  valuable  role  in  the 
great  strides  made  by  our  industry. 

Not  all  the  problems  of  equipment  and  roadbed  have  been  solved,  to  say 
nothing  of  the  major  problem  of  making  available  the  money  to  pay  for  the  revo- 
lutionary modes  of  passenger  travel  now  being  proposed.  Certainly  the  success  of 
the  Japanese  with  their  wonderful  Tokaido  Line  demonstrates  that  good  track  engi- 
neering, plus  imaginative  equipment  design,  together  with  a  real  need  for  high- 
speed, high-density  ground  transportation  is  a  combination  that  can  overcome  every 
obstacle.  We  on  the  Main  Line  of  Mid-America  are  very  much  involved  and  inter- 
ested in  the  problems  of  high-speed  transportation.  Our  president.  Bill  Johnson,  is  a 
member  of  the  Advisory  Committee  on  High-Speed  Ground  Transportation  of  the 
United  States  Department  of  Commerce.  I  am  sure  that  most  of  you  are  acquainted 
with  this  subject  and  recognize  in  it  the  ramifications  of  engineering  problems.  As 
the  study  of  this  subject  progresses,  we  in  railroad  management  will  need  the  help 
of  the  engineering  knowledge  that  is  available  in  this  audience. 

In  my  last  appearance  before  this  group  I  made  a  brief  reference  to  the  flood 
of  highway  vehicles  rolling  off  the  production  lines.  Far-seeing  railroad  men  in  the 
'forties  and  'fifties  talked  in  terms  of  making  a  regular  business  of  hauling  highway 
trailers  on  flatcars.  Today,  piggyback  equipment  has  won  back  to  the  rails  business 
that  was  once  virtually  captive  to  other  forms  of  transport.  A  variation  of  piggyback 
is  the  current  method  of  transporting  automobiles.  We  used  to  fuss  around  loading 
four  automobiles  into  a  big,  expensively  equipped  boxcar.  It  took  hours  to  load  and 
unload  them.  Today  the  bigger  auto-rack  cars  handle  15  automobiles  at  a  time,  and 
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the  loadinji  and  unloadint:  is  aliout  as  easy  as  is  driving  in  and  out  of  the  garage 
at  home. 

It  naturally  follovvetl  that  there  would  he  prohlenis  with  such  diings  as  curva- 
tures and  the  not  uncommon  matter  of"  clearances  for  the  big  cars  and  their  big 
loads.  Nearly  ever>'  railroad  has  its  low  bridges,  narrow  tunnels  or  crowding  track- 
side  structure  that  put  a  stranglehold  on  shipments  measuring  above  a  certain  height 
or  width.  We  have  attacked  our  bottlenecks  with  dynamite  and  bulldozers.  But, 
before  there  could  be  noise  and  commotion,  engineers  had  to  be  there  first,  planning 
for  high-wide  clearances,  planning  for  daylighting  tunnels  or  widening  cuts. 

There  is  anotlier  kind  of  planning  that  I  want  to  talk  to  you  about  today.  That 
is  planning  for  the  future.  This  will  in\olve  men  and  money.  I  have  said  before  tliat 
I  have  no  crystal  ball.  I  do  ha\e  a  bit  of  e.xperience  in  railroading,  and  because  this 
is  a  gathering  of  railroad-minded  men  I  want  to  leave  you  with  some  dioughts  on 
what  the  industry  can  look  foiAvard  to  in  the  years  to  come. 

In  every  season  there  are  people  who  claim  that  the  railroads  are  as  good  as 
dead,  or  that  at  best  the  times  will  pass  our  industry  by.  I  have  endured  comments 
like  these  for  years,  because  I  beliexe  that  it  will  take  more  than  talk  to  stop  the 
progress  of  the  railroads.  History  is  with  us.  The  forces  of  population,  commercial 
expansion  and  technology  are  with  us.  I  will  not  attempt  to  minimize  that  there  will 
be  certain  problems  in  the  future;  but  railroads  have  been  solving  problems  for 
years,  so  we  are  quite  up  to  taking  on  all  comers.  I  would  like  to  touch  briefly  on 
three  major  problem  areas  facing  railroad  managements  today.  First,  soK'ing  the  con- 
tinuing problem  of  living  with  tlie  regulation  of  federal,  state  and  local  government 
agencies.  Second,  the  need  for  training  and  de\'eIoping  informed,  capable  people  to 
manage  the  railroads  of  tomorrow.  And  third,  the  matter  of  financing  those  railroads. 

The  question  of  regulation  is  not  whether,  but  rather  how  much  and  by  whom. 
In  1956  I  spoke  to  this  assemblage  and  reminded  that  there  was  a  need  for  reform 
of  transportation  law.  I  advocated  that  railroad  men  should  fight  for  the  survival  of 
our  industry.  It  was  a  momentous  day  when,  two  years  after  that,  in  1958,  the 
Congress  of  the  United  States  finally  admitted  that  something  in  the  national  trans- 
portation picture  was  out  of  whack.  There  arose  a  nationwide  awareness  that  our 
great  railroad  system  could  not  be  permitted  to  fall  by  the  wayside.  The  legislation 
passed  in  1958  was  the  beginning  of  a  promise  for  a  better  future  for  the  railroads. 
Since  that  time  more  has  been  said  and  done  at  tlie  federal  level.  The  Inteilstate 
Commerce  Commission  has  adopted  new  flexibility  on  many  issues,  a  flexibility  that 
allows  for  experimentation.  Congress  is  still  watching  the  transportation  situation  in 
this  countr>-  with  keen  interest. 

Last  year  there  was  created  a  cabinet-level  Department  of  Transportation.  Now 
no  one  believes  the  Department  of  Transportation  is  the  answer  to  all  the  transport 
problems  in  this  country.  In  fact  ,the  new  secretaiy  of  that  department,  Alan  Boyd, 
is  quite  emphatic  in  stating  he  does  not  have  all  the  solutions.  Just  about  everybody 
agrees  with  the  basic  idea  behind  a  department  of  transportation,  because  it  can 
coordinate  the  disjointed  regulation  to  which  transportation  is  now  subjected.  There- 
fore, I  think  it  important  that  the  railroads  pull  together  and  present  a  united, 
industry-wide  \iewpoint  as  the  fledgling  department  gathers  momentum.  We  must 
help  the  Department  of  Transportation  help  tlie  railroads  and,  indeed,  all  forms  of 
private  ownership  in  transportation. 

The  second  problem  I  referred  to — the  training  of  management  people — is  one 
that  faces  all  business  today.  The  railroads  must  continue  to  attract  new  talent.  I  did 
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not  say  ordinary  workers  or  employees — they  are  available.  But  special  talent  is  not 
so  readily  available.  I  know  this  is  an  active  subject  with  this  association,  for  you 
have  made  sincere  efforts  to  stimulate  a  greater  interest  in  railroading  among  college 
and  uni\ersity  students.  This  is  the  positive  approach.  We  recently  heard  from  some 
grade  school  boys  who,  like  so  many  youngsters,  want  to  work  for-  the  railroad  some 
day.  Reflecting  on  their  ambitions,  I  can  only  think  of  what  they  face  if  they  are 
to  fit  into  the  roles  of  railroad  managers  of  tomorrow.  Years  ago  they  could  ha\'e 
hired  on  as  switchmen,  waybill  clerks  or  track  laborers  and  maybe,  with  luck  and 
the  right  breaks  and  conscientious  work,  could  have  risen  through  the  ranks  to  head 
up  a  track  gang,  or  a  division,  or  even  a  railroad.  Once  upon  a  time  it  was  mostly 
doctors,  lawyers  and  engineers  who  needed  formal  education  and  a  sheepskin  before 
they  could  practice  their  arts.  Today  the  boys  I  just  mentioned  must  face  a  rigorous 
formal  training  period  before  they  can  hope  to  enter  upon  a  useful  management 
career  in  railroading. 

Railroading  today  needs  men  who  can  dream,  and  then  put  those  dreams  onto 
blueprints;  men  who  can  plan,  and  then  go  out  wearing  a  hard  hat  and  make  those 
plans  come  into  being.  We  need  the  best  minds,  trained  and  prepared  for  what  is 
just  around  the  corner  for  our  industry.  This  Association  has  many  accomplishments 
to  its  credit  in  working  with  young  people.  Helping  schools  with  advice  and  man- 
power and  advocating  that  students  seek  careers  in  railroading  is  useful  work.  I  com- 
mend you  for  your  efforts  in  this  important  area. 

And  lastly,  there  is  the  question  of  what  kind  of  railroad  system  we  have  now, 
what  kind  we  expect  to  have  in  the  future,  and  how  all  this  is  going  to  be  paid  for. 
I  believe  there  is  agreement  among  responsible  railroad  managements  that  today 
there  is  simply  too  much  outmoded  railroad  plant  in  this  country.  There  is  too  much 
parallel  mileage,  and  there  are  too  many  branch  lines,  old  buildings,  congested  yards 
and  other  unproductive  operations.  We  need  to  streamline  our  railroads  and  eliminate 
unnecessary  facihties.  At  the  same  time,  we  need  to  provide  larger  and  more  efficient 
yards  and  terminals  for  the  increased  volume  of  traffic  we  expect  to  handle  in  the 
future.  Elimination  of  unnecessary  facilities  will  automatically  free  some  capital  for 
the  improvements  we  need  to  make.  We  are  talking  about  billions  of  dollars.  Part  of 
that  money  will  be  made  available  through  savings  eftected  with  mergers  and  con- 
solidations. The  rest  will  have  to  come  from  new  investments. 

Somewhere  along  the  line,  especially  with  respect  to  capital  needs  in  the  com- 
ing world  of  high-speed  passenger  transport,  government  cooperation  with  studies 
and  perhaps  other  forms  of  assistance  may  enter  the  picture.  I  emphasize  the  word 
cooperation,  for  that  is  what  the  delicate  area  of  private  industry  plus  public  benefit 
requires.  A  good  example  of  this  cooperation  would  be  in  the  area  of  grade-crossing 
safety  and  finding  remedies  for  what  will  continue  to  be  a  growing  problem  as  more 
automobiles  appear  and  more  roads  are  built  across  the  landscape. 

There  is  another  aspect  of  railroad  financing  that  deserves  more  attention  in  the 
future,  and  that  is  debt  reduction.  On  some  properties  this  has  been  a  big  item, 
while  other  lines  need  to  take  a  hard  look  at  finding  ways  to  reduce  mortgage  debt 
and  thus  free  capital  for  more  positive  uses.  There  is  much  to  be  done  by  the  indus- 
try about  what  we  on  the  Illinois  Central  call  "whittling  down  the  mortgage." 

Gentlemen,  in  my  49  years  in  this  business  I  have  seen  darned  near  everything. 
But  all  that  has  gone  before  through  my  decades  as  a  railroader  will  be  tame  by 
comparison  with  the  railroads  of  tomorrow.  If  you  take  almost  anything  that  has 
happened  in   railroading  since  the  first  little  locomotive  lumbered  along  the  tracks 


Discussion 581 

in  the  1800's,  railway  engineers  have  l>een  in  on  it.  Right  now  you  engineers  are  at 
work  solving  problems  and  helping  us  to  make  today's  railroads  better  and  safer. 
Improvements,  ranging  from  new  techniques  in  bridge  construction  to  the  coming 
de\elopments  in  microwave  conununication  and  computer  science,  will  keep  our 
industry  moving  into  a  better,  brighter  future.  Full  speed  into  the  future  will  mean 
e.xciting  days  full  of  great  personal  challenge  and  satisfaction  for  exery  man  willing 
to  devote  himself  to  the  task.  I  sincerely  wish  for  all  of  you  the  very  best  of  that 
future.  [Applause] 


PREsroENT  TmssAL:  Thank  you,  Mr.  Johnston,  for  that  most  interesting  and 
informative  address.  Your  remarks  were  very  inspiring  and  have  given  everyone  here 
a  great  deal  of  think  about.  Knowing  what  a  busy  schedule  you  have,  I  want  to 
express  my  personal  appreciation,  and  the  appreciation  of  the  Association,  to  you 
for  taking   the  time   to  attend  our  Convention   and  bring  us  this  splendid  address. 

Before  adjourning  this  luncheon,  I  would  like  to  remind  you  that  our  afternoon 
session  will  convene  immediately  across  the  corridor  in  the  Waldorf  Room.  We  have 
an  outstanding  program  ahead  of  us  this  afternoon,  which  includes  the  showing  of 
the  new  AAR  color  motion  picture,  "New  Directions  in  Modern  Railroading,"  nar- 
rated by  Chet  Hundey  of  the  well  known  NBC  news  team  of  Himtley  and  Brinkley, 
and  the  reports  of  seven  of  our  committees,  two  of  them  with  outstanding  special 
features.  Therefore,  I  request  you  assemble  in  that  room  as  promptly  as  possible. 
The  motion  picture  will  commence  promptly  at  2:00  pm.  The  luncheon  is  now 
adjourned. 


Afternoon   Session,  March   9,    1967 

[The  meeting  reconvened  at  2  o'clock.  President  J.  M.  Trissal,  presiding.] 

Presujent  Trissal:  Gendemen,  before  we  start  oiu:  afternoon  program,  I 
thought  you  might  be  interested  in  our  registration  as  of  12  noon.  A  total  of  834 
had  registered  at  that  time. 

[The  AAR  film,  "New  Directions  in  Modern  Railroading,"  was  shown  at  this 
time.]   [Applause] 

President  Trissal:  Gentlemen,  I  think  I  speak  for  all  of  you  when  I  say  the 
AAR  should  certainly  be  congratulated  on  putting  together  such  a  beautiful  movie. 
Any  of  you  who  have  taken  movies  yourselves  realize  full  well  that  it  was  a  real 
professional  job. 


Discussion  on  Wood   Bridges  and  Trestles 

[For  report,  see  Bulletin  604,  page  343] 

President  Trissal  ( continuing ) :  The  next  order  of  business  is  the  report  of 
Committee  7 — Wood  Bridges  and  Trestles.  B.  E.  Daniels,  principal  assistant 
engineer-structures,  Milwaukee  Road,  Chicago,  is  the  cliairman.  Will  you  please 
all  come  to  the  podium? 
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Chairman  B.  E.  Daniels:  Mr.  President,  members  and  guests:  The  complete 
report  of  Committee  7  is  contained  in  the  January  1967  issue  of  the  Bulletin,  No. 
604,  pages  343  to  347,  incl. 

Changes  in  subcommittee  personnel  and  committee  assignments,  togetlier  with 
a  restricted  budget,  curtailed  activity  on  some  assignments.  The  committee  has  been 
working  on  others,  however,  and  will  report  on  four  of  those  today. 

Assignment  5 — Design  of  Structural  Glued  Laminated  Wood  Bridges  and 
Trestles. 

CHAmMAN  Daniels:  The  first  assignment  to  be  reported  is  Assignment  5 — 
Design  of  Structural  Glued  Laminated  Wood  Bridges  and  Trestles.  Subcommittee 
Chairman  J.  A.  Gustafson,  assistant  engineer,  Northern  Pacific  Railway  Company, 
St.  Paul,  Minn.,  will  report.  Mr.  C.ustafson. 

J.   A.   Gustafson:    Mr.   President,  members,  and   guests. 

Your  committee  is  revising  the  specifications  for  glued  laminated  timber.  The 
principal  change  will  be  to  incorporate  into  our  specification,  "United  States  Com- 
mercial Standard,  CS-235-63,  for  Structural,  Glued,  Laminated  Timber." 

In  some  areas  timbers  of  the  size  required  for  trestle  spans  are  becoming  difficult 
to  find  and  more  expensive  to  produce.  It  is  felt  by  some  that  this  problem  will 
become  more  acute  with  the  passage  of  time  and  that  tlie  answer  to  the  problem 
will  be  the  use  of  glue-lam  members.  By  using  smaller,  more  readily  available  pieces 
and  gluing  them  together,  members  of  any  desired  length,  depth,  and  width  may  be 
produced.  At  present,  a  span  132  ft  in  length  with  a  7-ft  depth  and  20/4-in  width 
is  in  use,  but  even  this  may  not  be  the  ultimate. 

While  the  first  cost  of  glue-lam  is  greater,  some  of  the  additional  cost  may  be 
offset  by  a  greater  control  of  the  structural  characteristics  and  a  longer  antici- 
pated life. 

One  of  the  added  costs  of  glue-lam  material  has  been  the  cost  of  inspection. 
The  production  of  a  number  of  members  may  take  a  long  time,  making  the  cost  of 
continuous   inspection  prohibitive. 

To  overcome  the  inspection  problem,  the  U.  S.  Department  of  Commerce,  to- 
gether with  manufacturers,  distributors,  and  users,  has  produced  a  standard.  For  a 
manufacturer  to  use  the  quality  mark  or  certificate  of  conformance,  he  must  pass  a 
series  of  qualifying  tests  to  prove  that  he  can  meet  the  standard;  and  by  periodic, 
unannounced  inspections,  the  purchasers  are  insured  that  all  of  his  products  con- 
tinue to  meet  the  standard.  This  system  of  inspection  should  reduce  the  cost  of 
inspection  to  the  individual  buyer  and  will  be  paid  for  as  a  part  of  the  members. 

Assignment  6 — Applications  of  Synthetic  Resins  and  Adhesives  to  Wood 
Bridges  and  Trestles. 

Chairman  Daniels:  Subcommittee  Chairman  L.  R.  Kubacki,  engineer  bridges 
and  buildings,  Pennsylvania  Railroad,  Philadelphia,  Pa.,  will  present  the  report  on 
Assignment  6.   Mr.   Kubacki. 

L.  R.  Kubacki:  Under  the  sponsorship  of  this  subcommitee,  the  AAR  Research 
Center  published  Reports  ER  43,  ER  57,  ER  62  and  ER  65,  which  include  results 
of  laboratory  and  field  investigations  as  well  as  data  relating  to  the  physical  proper- 
ties of  epoxy  resin  systems.  In  addition  to  these  published  reports  the  AAR  research 
staff  has  compiled  data  on  applications  and  formulations  and  has  assisted  a  number 
of  railroads  having  special  problems  pertaining  to  the  use  of  epoxy  resins.  We  have 
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found  that  epoxy  resin  systems  are  eflective  in  many  applications,  hot  we  ha\e  also 
found  that  in  some  situations  its  use  is  not  iiidieated. 

The  number  of  epoxy  resin  systems  is  constantly  increasing.  The  physical  char- 
acteristics of  epoxy  resin  systems  can  be  varied  over  a  wide  range  by  the  selection 
of  curing  agents  and  other  components.  In  connection  with  this  committee's  work 
we  have  found  only  a  limited  number  of  applications  to  wood  bridges  and  trestles. 
The  epoxy  resin  systems  are  more  useful  when  combined  with  other  structural 
materials. 

We  recommend  that  any  further  investigation  of  epoxy  resin  systems  shoidd  be 
progressed  under  specific  assignments  requiring  its  use  and  that  this  assignment 
under  Committee  7  be  discontinued. 

Assignment  7 — Repeated  Loading  of  Timber  Structures. 

CHAraMAN  Daniels:  The  report  on  Assignment  7  will  be  presented  by  Sub- 
committee Chairman  C.  V.  Lund,  recently  promoted  to  assistant  chief  engineer- 
structures,   Milwaukee   Railroad,  Chicago.   Mr.   Lund. 

C.  V.  LuND:  Under  this  assignment  your  committee  is  reporting  the  results  of 
tests  conducted  at  tlie  AAR  Research  Laboratory  on  full-size,  treated,  solid-sawn, 
Douglas  fir  stringers,  supplied  from  the  stocks  of  a  member  road,  and  correlary  tests 
conducted  at  die  Forest  Products  Laboratory  at  Madison,  Wis.  This  is  the  third 
series  of  tests  undertaken  in  recent  years  to  develop  in  particular  the  strength  of 
timber  to  horizontal  shearing  stresses. 

As  in  previous  tests  we  find  a  relationship  between  position  of  loads  and  shear 
resistance.  The  critical  position  for  stringers  of  the  span-depth  ratio  being  used  in 
these  tests  again  occurred  with  the  first  of  the  two  equal  test  loads  located  at  three 
times  the  depth  of  the  stringer  from  the  near  support.  The  shear  strength  of  the 
beams  was  found  to  approximate  190  psi  for  2,000,000  cycles  of  stress,  the  accepted 
loading  criterion.  This  compares  to  a  working  stress  currently  allowed  in  design  of 
100  psi,  based  however  on  long-duration  static  loading. 

It  would  appear  from  our  study  of  inspection  data  and  test  results  that  railroads 
may  not  be  exercising  all  the  care  required  in  the  inspection  of  timber  stringers  to 
know  that  grading  specifications  are  being  complied  with  in  all  respects.  With  the 
ever-increasing  frequency  of  heavy  axle  loads  this  becomes  of  greater  importance. 
Inspection  of  timbers  in  the  green  condition  is  limited  to  size  and  location  of  knots, 
slope  of  grain,  and  certain  general  characteristics.  The  limitations  on  checks  must  be 
evaluated  after  seasoning  and  before  stringers  are  placed  in  service,  and  it  is  in  this 
area  where  increased  attention  generally  seems  needed. 

The  AAR  Research  Laboratory  has  recently  completed  a  fourth  series  of  tests 
on  treated,  solid-sawn.  Southern  pine  stringers.  The  results  are  being  analyzed  and 
your  committee  expects  to  report  on  this  series  next  year. 

Assignment  10 — Non-Destructive  Testing  of  Wood. 

Chairman  Danikls:  To  conserve  time,  I  will  report  briefly  on  Assignment  10. 
F.  E.  Schneider,  assistant  engineer,  Atchison,  Topeka  &  Santa  Fe  Railway,  Chicago, 
is  the  subcommittee  chairman. 

This  subcommittee  is  presently  reviewing  a  report  recently  prepared  ])y  the 
AAR  regarding  demonstration  of  two  sonic  devices  developed  to  determine  internal 
decay  in  timber.  The  two  commercial  devices  now  available  were  demonstrated  at 
the  laboratory  this  past  year  on  a  few  stringers,  caps  and  piles  with  known  decay 
and  on  other  pieces  without  any  decay. 
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It  is  encouraging  to  note  that  these  devices  did  have  the  abihty  to  detect  decay 
or  grain  separation,  but  discouraging  that  neither  device  could  actually  determine 
the  amount  of  decay  nor  its  actual  location  in  the  timber. 

We  are  looking  forward  to  printing  this  report  in  next  year's  Proceedings  as 
information. 


Chairman  Daniels  (continuing):  Mr.  President,  this  completes  the  report  of 
the  activities  of  Committee  7  for  the  past  year. 

This  also  completes  my  three-year  term  as  chairman  of  this  committee.  I  would 
like  to  introduce  the  new  vice  chairman,  W.  A.  Thompson,  division  engineer,  Chi- 
cago,  Burlington  &  Quincy  Railroad,  Hannibal,  Mo. 

The  new  chairmen  is  D.  V.  Sartore,  chief  engineer,  Chicago,  Burlington  & 
Quincy  Railroad,  Chicago. 

President  Trissal:  Thank  you,  Mr.  Daniels.  We  all  appreciate  your  three 
years  of  dedicated  work  as  chairman  of  this  committee,  and  I  trust  that  you  will 
continue  to  work  just  as  hard  as  ex-chairman. 

Mr.  Sartore,  if  you  would  come  forward,  please.  I  would  like  to  present  you 
with  this  gavel  as  a  symbol  of  authority  on  your  new  position  as  chairman  of  this 
committee.  Good  luck. 

The  committee  is  excused  with  the  thanks  of  the  Association.  [Applause] 

Discussion  on   Iron  and  Steel   Structures 

[For  report,  see  Bulletin  604,  page  349] 

President  Trissal:  The  next  report,  gentlemen,  is  that  of  Committee  15 — Iron 
and  Steel  Structures.  Will  the  committee  members  please  come  to  the  speaker's 
table. 

The  chairman  of  Committee  15  is  G.  W.  Salmon,  engineer  of  bridges.  Seaboard 
Air  Line  Railroad,  Richmond,  Va.  Whenever  you  are  ready,  Mr.  Salmon,  you  may 
proceed. 

CHAmMAN  Salmon:  Mr.  President,  members  and  guests:  The  annual  report  of 
Committee  15  is  published  in  Bulletin  604,  pages  349  to  354,  inch,  and  no  oral 
reports  will  be  made  at  this  time  except  a  report  on  Assignment  1,  Revision  of 
Manual,  which  will  be  presented  by  the  chainnan  of  the  subcommittee,  E.  S.  Birken- 
wald,  assistant  chief  engineer-bridges.  Southern  Railway.  Mr.  Birkenwald. 

Assignment  1 — Revision  of  Manual. 

E.  S.  Birkenwald:  Mr.  President,  members  and  guests:  Your  committee  sub- 
mits for  adoption  Manual  material  which  calls  for  revision  of  Arts.  18,  20  and  121, 
Sec.  A,  and  Arts.  31  (a)  3,  41  and  67,  Appendix  B,  of  the  Specifications  for  Steel 
Railway  Bridges;  Art.  12  of  the  Specifications  for  the  Erection  of  Steel  Railway 
Bridges;  Art.  8  of  the  Rules  for  Rating  Existing  Iron  and  Steel  Bridges;  and  major 
revision  of  the  Specifications  for  Corrugated  Structural  Plate  Pipe,  Pipe-Arches  and 
Arches.  The  correct  reference  in  Bulletin  604  should  be  Art.  67,  Appendix  B,  in- 
stead of  Art.  57,  Appendix  B. 

The  revision  of  Art.  18,  Section  A,  of  the  Specifications  for  Steel  Railway 
Bridges  concerns  the  increase  of  live  load  from  Cooper  E  72  to  Cooper  E  80  loading. 
In  its  1966  annual  report,  in  submitting  revision  of  this  article  as  information,  your 
committee  pointed  out  the  reasons  for  making  this  revision  as  follows; 
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1.  The  increase  in  live  load  on  steel  bridge^s  produced  by  rolling  stock,  which 
has  been  and  is  now  being  built  in  increasing  numbers  to  carry  much 
heavier  loads,  as  illustrated  by  the  address  of  David  V.  Messman,  assistant 
to  chief  engineer  bridges,  Southern  Railway  System,  printed  in  \'(il.  65, 
pages  777  to  784,  inch,  of  the  AREA  proceedings; 

2.  The  changes  in  the  current  specifications,  which  have  lowered  the  rating 
capacity  of  structures  below  that  of  structures  designed  by  superseded 
specifications;  and 

3.  The  breaktlirough  which  permits  axle  loads  in  new  car  design  nl  (lie  order 
of  80,000  lb  and  e\en  greater. 

After  considering  the  comments  of  Committees  7  and  8  in  regard  to  this  pro- 
posed increase  in  li\e  load,  your  committee  still  feels  that  the  increase  is  justified. 
While  an  alternative  load  of  some  combination  of  80,000-lb  axles  in  addition  to 
Cooper  E  72  loading  was  considered,  your  committee  reached  the  conclusion  that 
the  increase  to  Cooper  E  80  loading  for  all  spans  was  preferred,  since  (a)  it  would 
eliminate  difficulties  in  rating  existing  bridges;  (b)  it  would  eliminate  the  confusion 
resulting  from  having  two  design  loadings;  and  (c)  the  increase  in  cost  of  longer 
spans  in  using  Cooper  E  80  loading  as  against  Cooper  E  72  loading  with  an  alter- 
native design  load  of  some  combination  of  80,000-lb  axles  would  be  \ery  small. 
The  increasing  number  of  hea\y  cars  with  80,000-lb  axle  loads  and  with  loading 
equivalent  to  Cooper  E  80  or  greater  in  interchange,  witli  the  trend  toward  heavier 
and  heavier  axle  loads  on  new  cars  and  the  increasing  use  of  unit  trains,  all  point 
to  the  need  for  a  design  load  greater  than  Cooper  E  72  loading.  This  is  particularly 
true  of  shorter  length  spans,  where  heavy  axle  loads  produce  a  large  number  of 
repetitions  of  stress  in  ranges  beyond  \alues  compatible  with  the  endurance  limit  of 
the  structure;  and  also  applies  to  longer  spans,  where  heavy-duty  cars  with  8,  10, 
12,  14  and  16  axles,  singly  or  coupled  together,  produce  stresses  which  for  E  72 
design  would  require  slow  orders,  but  would  not  for  E  80  design. 

Mr.  President,  I  move  that  re\'ision  to  Article  18,  Section  A  of  the  Specifica- 
tions for  Steel  Railway  Bridges  be  adopted  for  publication  in  the  Manual. 

[The  motion  was  duly  seconded,  was  put  to  a  vote  and  carried.] 

Mr.  Birkenwald  (continuing):  The  reasons  for  the  revision  of  Art.  20,  Sec- 
tion A,  of  the  Specifications  for  Steel  Railway  Bridges  and  Art.  8  of  the  Rules  for 
Rating  Existing  Iron  and  Steel  Bridges  were  outlined  in  your  committee's  1966 
annual  report,  when  submitting  these  revisions  as  information.  They  can  be  sum- 
marized as  follows: 

1.  Insufficient  service  tests  have  been  made  to  date  to  establish  a  pattern 
which  varies  sufficiently  from  the  existing  pattern  of  results,  so  that  no 
gain  will  result  from  making  a  change  in  total  impacts  provided  by  the 
existing  formulas; 

2.  The  division  of  total  impact  into  rolling  and  direct  \ertical  eftects,  while 
needed  in  rating  a  bridge,  is  not  necessary  when  designing  a  bridge; 

3.  The  revisions  submitted  in  this  report  will  eliminate  the  need  for  fur- 
nishing interpretation  of  the  rolling  effect  to  users  of  tire  specifications; 
and 

4.  Enough  service  tests  liase  been  made  to  jiistitv  tlie  proposed  reduction  of 
impact  forces  on  ballasted-deck   bridges. 

Attention  is  called  to  the  fact  that  the  revision  for  Art.  8  of  the  Rules  for  Rat- 
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ing  Existing  Iron  and  Steel  Bridges  in  Bulletin  604  is  shown  incorrectly.  The  paren- 
thesis should  encompass  the  entire  expression.  I~^  I 

Mr.  President,  I  move  that  revision  to  Art.  20,  Section  A,  oi  tlic  Specifications 
for  Steel  Railway  Bridges  and  Art.  8  of  the  Rules  for  Rating  Existing  Iron  and  Steel 
Bridges,  amended  as  I  have  just  indicated,  be  adopted  for  publication  in  the  Manual. 

[The  motion  was  duly  seconded,  was  put  to  a  vote  and  carried.] 

Mr.  Birkenwald  (continuing):  Art.  121,  Section  A,  of  the  Specifications  for 
Steel  Railway  Bridges  needs  revision  to  comply  with  the  current  practice  of  fabrica- 
tors, while  Art.  12  of  the  Specifications  for  Erection  of  Steel  Bridges  needs  revision 
for  clarification.  A  favorable  letter  ballot  for  these  two  revisions  by  better  than  two- 
thirds  majority  have  been  received. 

Revision  of  Arts.  31  (a)  3,  41  and  67,  Appendix  B,  of  the  Specifications  for 
Steel  Railway  Bridges  is  needed  to  agree  with  the  change  from  A  7  to  A  36  steel. 
These  revisions  are  editorial  in  nature. 

Mr.  President,  I  move  that  revision  of  Art.  121,  Section  A,  and  Articles  31  (a) 
3,  41  and  67,  Appendix  B,  of  the  Specifications  for  Steel  Railway  Bridges  and  Art. 
12  of  the  Specifications  for  Erection  of  Steel  Railway  Bridges  be  adopted  for  pub- 
lication in  tlie  Manual. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Mr.  Birkenwald  (continuing):  In  its  1966  annual  report,  your  committee 
presented  as  information  specifications  for  corrugated  structural  steel  plate  pipe.  This 
has  been  revised  to  include  pipe-arches,  in  order  to  provide  a  complete  specification 
for  the  use  of  corrugated  structural  steel  plate. 

Attention  has  been  called  to  the  fact  that  on  page  350,  Vol.  67  of  the  Proceed- 
ings in  Table  2,  the  caption  for  Column  2  should  be  revised  so  as  to  read  "I  (In') 
per  Lin  In." 

Mr.  President,  I  move  that  revision  of  the  Specifications  for  Corrugated  Struc- 
tural Plate  Pipe,  Pipe-Arches  and  Arches,  modified  by  the  additional  revision  of  the 
caption  for  Column  2,  Table  2,  published  on  page  350,  Vol.  67  of  the  Proceedings, 
be  adopted  for  publication  in  the  Manual,  and  that  with  these  revisions  this  pait 
of  Chapter  1  of  the  Manual  be  reapproved. 

[The  motion  was  duly  seconded,  was  put  to  a  vote  and  carried.] 

Mr.  Birkenwald  ( continuing ) :  Mr.  President  I  move  that  with  those  revisions 
just  adopted  for  the  Specifications  for  Steel  Railway  Bridges,  the  Specifications  for 
Erection  of  Steel  Railway  Bridges  and  the  Rules  for  Rating  Existing  Iron  and  Steel 
Bridges,  these  parts  of  Chapter  15  of  the  Manual  be  reapproved. 

[The  motion  was  duly  seconded,  was  put  to  a  vote  and  carried.] 


Chairman  Salmon:  Mr.  President,  this  concludes  the  report  of  Committee  15 
and  my  term  as  chairman.  In  reverse  order,  the  new  vice  chairman  of  the  committee 
is  M.  L.  Koehler,  system  engineer  struc(tures,  Pennsylvania  Railroad,  who  is  not 
present  today;  and  the  new  chairman  whom  I  would  like  to  introduce  is  D.  L. 
Nord,   engineer  of  design,  Illinois  Central  Railroad. 

President  Trissal:  Thank  you,  Mr.  Salmon.  The  Association  appreciates  your 
three  years  of  devoted  work,  and  we  hope  you  will  continue  your  activity  as  a 
committee  member. 

Mr.  Nord,  will  you  please  come  forward?  I  want  to  congratulate  you  and 
present  you  with  this  gavel  as  a  symbol  of  your  authority  as  chairman  of  the  com- 
mittee. Committee  15  is  now  dismissed  with  the  thanks  of  the  Association.  [Applause] 
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Discussion   on   Buildings 

[For  report,  .sec  Bulletin  604,  page  293] 

Presidknt  Trissal:  The  next  committee  to  report  is  Committee  6 — Buildings, 
tlie  chairman  of  which  is  J.  W.  Hayes,  architect.  Great  Northern  Railway,  St.  Paul, 
Minn.  Mr.  Hayes,  will  you  bring  your  connnittee  forward  and  proceed  when  you 
are  ready? 

[Vice  President  Hutcheson  assumed  the  chair.] 

CH.A.mM.4N  J.  W.  Hayes:  Mr.  Vice  President,  members  of  the  Association  and 
guests:  Since  the  last  Annual  Convention  of  our  Association  last  March,  I  regret  to 
announce  the  death  of  one  of  our  Members  Emeritus — A.  T.  Hawk,  at  the  age  of 
90  in  Los  Angeles.  Mr.  Hawk  was  architect  for  the  Rock  Island  for  43  years,  retir- 
ing in  1946.  He  was  elected  to  AREA  membership  in  1911,  made  a  Life  Member 
in  1946  and  Member  Emeritus  of  Committee  6  in  1954. 

During  the  past  year  we  have  been  very  active,  working  on  six  assignments. 
Reports  on  three  have  been  printed  in  Bulletin  604  beginning  on  page  293.  Our 
subcommittee  chairmen  have  worked  faithfully  throughout  the  year,  and  will  be 
recognized  as  I  comment  on  our  assignments. 

Assignment  1 — Revision   of  Manual. 

Chairman  Hayes:  \V.  C.  Sturm,  designer,  Elgin,  Joliet  &  Eastern  Railway,  is 
tackling  this  assignment,  and  he  has  already  produced  an  excellent  oudine.  Mr. 
Sturm,  will  you  please  stand  and  be  recognized?  Thank  you,  Mr.  Sturm. 

Assignment  2 — Buildings,  Loading  and  Unloading  Facilities,  Paving,  Lighting, 
Fencing  and  Other  Facilities  for  Automobile-Handling  Terminals. 

CHAmMAN  Hayes:  A.  F.  Langmeyer,  general  building  inspector  of  the  Illinois 
Central  is  chairman  of  Subcommittee  2.  He  has  done  an  outstanding  job,  and  I  want 
him  to  be  recognized.  Thank  you,  Mr.  Langmeyer. 

Assignment  3 — Buildings,  Platforms,  Ramps,  Paving,  Lighting  and  Other 
Facilities  for  Piggyback   Terminals. 

Chairman  Hayes:  Our  assignment  on  the  fixed  property  aspects  of  piggyback 
terminals  has  been  handled  by  C.  R.  Madeley,  supervising  engineer.  Southern  Pacific 
Co.,  Texas  &  Louisiana  Lines.  Those  of  you  that  were  here  last  March  will  remem- 
ber that  we  presented  a  7-man  panel  discussion  on  this  subject.  Circus  loading  facil- 
ities and  cranes  were  discussed  fully.  But  in  the  meantime,  other  types  of  facilities 
seem  to  be  gaining  momentum,  so  we  will  present  a  final  report  next  time. 

Assignment  4 — Designing  Railway  Buildings  for  Fixed  Obsolescence. 

Chairman  Hayes:  We  have  completed  and  published  our  report  on  designing 
buildings  for  fixed  obsolescence.  Such  designing  might  sound  strange  to  you,  but  it 
is  really  something  to  be  considered,  and  I  hope  you  have  all  read  our  report.  It 
was  handled  by  F.  D.  Day,  resident  engineer  of  the  Pennsylvania  Railroad,  who  is 
not  here  today. 

Assignment  6 — Ceiling  Systems  for  Air  Supply  and  Sound  Control. 

Chairman  Hayes:  A  W.  Char\at,  engineer  of  buildings  of  the  Rock  Island, 
is  handling  the  assignment  "Ceiling  Systems  for  Air  Supply  and  Sound  Control." 
He  is  not  here  today. 
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Asdgnment  8 — Large  Combination  Freight  and  Passenger  Stations. 
Chairman   Hayes:    The  final  report  on  Assignment  8  was  published  on   page 
302  of  Bulletin  604. 

D.  A.  Bessey,  assistant  architect,  Milwaukee  Road,  did  a  fine  job  on  this  report. 
Mr.  Bessey,  would  you  please  stand?  Tliank  you,  Mr.  Bessey. 


Ohaikman  Hayes  (continuing):  Now  we  come  to  our  special  lealnre.  Thomas 
R.  Arnold,  general  manager  of  Richardson  Homes  Corporation,  Elkhart,  Ind.,  will 
discuss  relocatable  structures  and  show  slides  and  if  we  have  time,  a  movie.  Mr. 
Arnold  has  had  broad  experience  in  prefabricated  housing  research  and  develop- 
ment and  in  the  manufacture  of  various  materials  in  the  building  industry.  He  has 
a  BS  Degree  in  Mechanical  Engineering  from  Purdue  University  and  has  undertaken 
advanced  study  in  business  administration  and  marketing  at  Ohio  State  University 
and  Alexander  Hamilton  Institute. 

He  is  a  member  of  the  American  Marketing  Association  and  the  National  Asso- 
ciation of  Homebuilders,  and  is  a  member  of  the  Chamber  of  Commerce  of  Elkhart, 
Ind.  Mr.  Arnold,  the  floor  is  yours. 


Relocatable  Structures 

By   THOMAS    R.    ARNOLD 
General    Manager,    Richardson    Homes    Corporation 

Good  afternoon  gentlemen.  I  have  been  asked  by  Committee  6  to  speak  to 
you  about  "relocatable  structures." 

Many  of  you  gentlemen,  perhaps  most  of  you,  are  extremely  conscious  of  the 
ever-changing  facility  demands  within  your  own  railroad  systems.  I  am  sure  that 
these  changing  demands  are  a  source  of  great  anxiety  for  those  of  you  who  are 
responsible  for  the  efficient  use  of  the  funds  available  to  provide  such  space.  It  is 
not  a  very  comfortable  feeling  to  know  that  a  decision  made  today  may  result  in 
the  construction  of  a  building  tomorrow  which  is  so  fixed  to  the  site  that  in  the 
future  it  may  become  obsolete  because  its  geographic  location  was  made  inefficient 
by  changing  market  demands  for  your  services. 

This  very  same  problem  has  faced  our  school  administrators  throughout  the 
country.  No  school  administrator  wishes  to  invest  public  funds  in  a  fixed  school 
building  only  to  find  that  the  need  has  shifted  in  a  year  or  two  to  the  other  side 
of  town.  He  is  then  faced  with  two  alternatives: 

1.  Either  he  has  to  initiate  expensive  busing  practices  which  in  themselves 
require  added   capital  investment;   or 

2.  He  has  to  close  the  existing  school  and  build  a  new  one  on  the  other  side 
of  town. 

In  either  case,  he  is  open  to  criticism  for  not  having  the  foresight  to  place 
the  school  properly  to  begin   with. 

Gentlemen,  we  all  know  that  it  is  not  always  possible  to  predict  the  future. 
The  only  thing  that  is  certain  is  that  change  will  occur. 

In  the  case  of  the  school  administrators,  they  have  recognized  their  dilemna 
and   have    somewhat   solved    it   by    purchasing   relocatable    classrooms.    Not   all    of 
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their  faciHties  are  relocatable,  however,  only  enough   to   take  up   the  slack,   so  to 
speak,   to   meet  a   momentary  surge   in  need. 

Before  I  go  much  further  I  would  like  to  clarify  for  you  just  what  a  relocatable 
structure  is.  It  is  not  a  panelized,  pre-fabricated  or  demountable  structure  as  you 
may  know  them  today.  It  is  a  totally  prebuilt  building  utilizing  some  method  of 
sectional  assembly  which  allo\\'s  it  to  be  easily  dismantled  and  relocated  (as  it  was 
deli\ered)    without  seriously  disrupting   the  interior  finishes  or  mechanical  systems. 

I  would  like  to  illustrate  what  I  am  talking  about  with  the  use  of  some  slides." 
The  system  that  I  am  about  to  explain  to  you  is  not  the  only  one  on  the  market 
today.  It  is,  however,  a  system  which  lends  itself  quite  readily  to  commercial 
applications. 

The  basic  element  of  this  system  is  the  steel  "space  frame."  When  a  multi- 
plicity of  these  frames  are  grouped  together,  they  form  the  structural  skeleton  for  a 
building.  The  materials  which  can  be  applied  to  this  system  and  the  finished 
product  applications  which  can  be  created  are  practically  limitless. 

We  have  built  residential  housing,  vacation  homes,  sales  office  buildings,  re- 
locatable schools,  industrial  offices,  and  in  your  industry — we  have  worked  closely 
with  tlie  New  York  Central  System  on  a  combination  yard  office  and  crew  locker 
room.  One  has  been  installed  in  Warren,  Mich.  Others  of  various  designs  are  being 
contemplated.  All  were  completely  fabricated  in  a  factory  and  delivered  over  the 
road  for  final  assembly.  All  are  relocatable  in  the  same  manner  in  which  they  were 
delivered. 

How  does  the  system  work  at  the  site?  I  will  now  explain  graphically  through 
the  continued  use  of  slides,  showing  actual  installations,  the  details  of  the  delivery 
and  installation  of  a  relocatable  "space  frame"  building. 

[After  showing  and  exi^laining  the  slides,  Mr.  Arnold  showed  a  motion  picture, 
witli  the  following  commentary]: 

Mr.  Arnold:  This  movie  is  of  the  installation  of  an  8-section  industrial  office. 
The  concrete  piers  and  I-beams  had  already  been  preplaced.  The  other  facilities 
such  as  the  sewer  and  the  water  lines  had  been  preinstalled,  all  coordinated  so 
that  the  building  once  placed  on  the  foundation  would  align  properly  with  these 
services. 

This  particular  delivery  was  not  very  far  from  our  factory,  so  some  of  the 
protective  materials  tliat  you  have  seen  in  the  slides  would  not  apply.  It  was  a 
nice,  sunny  day,  and  it  was  possible  for  us  to  make  this  quick  run  with  the  building 
completely  in  the  open  as  it  is  here. 

After  we  had  dropped  the  section  onto  our  lightweight  transporter,  we  moved 
it  out,  and  here  you  can  see  the  space  frame,  that  is,  the  steel  frame  which  sur- 
rounds the  building  like  the  hoops  around  a  whiskey  barrel. 

Here  we  are  placing  a  section  into  proper  orientation  at  the  ends  of  the 
I-beams.  Once  it  is  in  position,  we  will  chop  a  simple  bridge  across  from  the  car- 
rier to  the  I-beam  and  unlatch  the  section.  Once  it  is  unlatched,  we  grab  hold  of 
it  with  simple  winches.  The  load  is  not  very  heavy,  and  we  are  able  to  use  a 
winch  similar  to  the  winch  that  you  have  on  a  boat  trailer,  for  instance,  and  just 
roll  it  off'. 

Now  the  rollers  themselves  are  not  an  integral  part  of  the  building.  We  return 
them   to    the   factory  for   reuse.   There  you   can   see   the   man   in    the   background 


Only  a  few  of  the  slides  shown   by  Mr.   Arnold  are  reproduced  herein   (sec  page  590). 
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Fig.  1  —  The  foundation — 2  steel 
beams  on  4  concrete  piers.  The  founda- 
tion, together  with  all  utilities,  is  com- 
pleted   prior   to    arrival   of   the   building. 


Fig.  2 — Pre-built  and  pre-finished  seg- 
ments are  brought  to  the  building  on 
specially   designed  transporters. 


Fig.  3  —  The  building  segment  is 
quickly  and  easily  moved  from  trans- 
porter to  the  beam  foundation  and 
locked  in  place. 


Fig.  4 — One  segment  of  the  building 
is  in  position  on  the  beam  foundation, 
a  second  segment  is  being  moved  to 
join  it,  and  a  third  is  waiting  to  be 
transferred. 
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Fig.  5 — The  three  segments  are  locked 
to  the  beam  foundation  and  to  each 
other,  and  all  utility  hues  connected. 
Decks  and  stairs  are  now  positioned  on 
the  cantilevered  beam  ends. 
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Fig.  6 — The  finished  building  is  in  use 
on  the  second  day  after  its  arrival.  It 
can  be  easily  moved  to  a  new  location 
or  expanded  to  a  larger  size,  if  desired. 


Fig.  7 — Photograph  of  completed  office  building. 
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crankinji  a\\a\'  to  pull  it  ()\er.  Once  they  are  on  the  I-beanis,  they  can  actually  be 
pushed  by  hand.  These  are  tlic  roller  assemblies  wliich  have  been  removed  from 
underneath  a  segment. 

You  can  see  the  hea\y  roller  here  which  coincides  with  the  top  flange  of  the 
I-beam.  These  are  simplified  bridges.  So  really  once  you  see  the  picture,  it  is  a 
very  .simple  system  to  bring  an  entire  building  in. 

In  this   case,   it  was   an  8-section   building    1600  stj   fl,   200  s<i  ft  per  section. 

It  was  heated  and  air  conditioned,  all  prestalled,  and  had  a  men's  rest  room, 
a  women's  rest  room,  and  a  complete  kitchen  for  whatever  they  wanted  to  do 
with  it. 

After  the  beam  and  roller  have  been  removed,  this  man  is  letting  that  section 
down  right  onto  the  I-beam  .surface,  and  you  just  keep  adding  section  after  section. 
The  entire  stnicture  is  built  together  in  the  factory  so  that  all  of  the  matching 
surfaces  really  match  up.  There  is  no  great  need  for  unsightly  battens  over  joints. 
It  is  completely  pre-engineered  and  thought  out. 

The  function  which  is  to  go  on  inside  of  the  building  is  important.  We  work 
closely  with  the  customer  to  determine  just  what  it  is  he  wants.  Once  we  have  the 
idea,  our  design  draftsmen  can  revamp  it  to  work  within  the  limitations  of  the 
system,  and  when  you  get  a  good  weighing  of  the  limitations  of  the  system  witli 
the  function  that  is  desired,  you  have  a  good,  workable  structure  and  a  good, 
workable  program. 

This  entire  building,  eight  sections,  was  started  at  8.00  in  the  morning,  and 
I  think  you  can  tell  by  the  angle  of  the  sun  there,  that  it  was  about  3:00  in  the 
afternoon  when  we  put  the  final  section  in  place.  There  are  battens  to  go  over 
joints.  There  are  cover  plates  and  ridge  vents  to  be  placed.  There  are  shingles  to 
be  laced  in.  There  are  electrical  wires  to  be  connected  at  junction  boxes.  All  of 
these  are  details  to  be  completed  once  the  building  is  installed,  but  the  major 
portion,  I  would  say  95  percent,  of  the  in-place  cost  of  the  structure  is  controlled 
in  the  factory. 

We  came  back  a  couple  of  days  later  and  took  these  photographs  of  the  com- 
pleted building.  They  had  put  some  landscaping  in,  put  present  concrete  steps  in 
front  of  it,  and  they  had  a  really  acceptable  office  for  their  manufacturing  opera- 
tion  which  was  to  the  rear. 

Now  at  some  later  time  if  these  people  decided  to  relocate  their  operation, 
they  could  pick  this  building  up  and  move  it  by  the  same  method  by  which  it  was 
delivered.  So  this  gave  them  the  flexibility  that  they  were  looking  for. 

I  am  certain  that  you  gentlemen  have  made  yourselves  intimately  familiar 
with  all  types  of  structures  from  pre-engineered  steel  buildings  to  conventional 
brick  and  mortar  buildings.  You  are  well  aware  of  the  fact  that  buildings  which 
are  lx)lted  together  at  the  site  soon  become  permanent  construction.  I  am  talking 
about  a  prefabricated,  panelized  building  which  would  be  bolted  together.  You 
might  consider  that  as  demountable.  However,  when  the  mechanical  facilities  and 
the  final  finishes  are  added  inside,  it  becomes  a  permanent  structure. 

It  is  very  expensive  to  demount  these  buildings  or  remove  them,  but  if  it  is 
pre-engineered,  pre-thought  out  and  built  so  that  it  can  be  relocated  from  the 
factory  to  the  site  initial!),  so  to  speak,  tlieu  it  certainly  can  be  relocated  at  some 
later  time. 

Today  there  appears  to  be  a  new  era  evolving  for  commercial  construction — 
one  which  will  utilize  more  totally  prefabricated  building  systems  than  ever  before. 
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You  will  see  more  and  more  of  them  mentioned  in  the  newspapers.  I  hope  that 
the  relocatable  building  system  which  I  have  discussed  with  you  this  afternoon 
was  both  interesting  and  stimulating.  It  may  hold  some  of  the  answers  to  your 
facility  problems.  At  any  rate,  thank  you  for  the  opportunity  -  to  increase  your 
awareness  of  current  developments  taking  place  in  tlie  relocatable  structure  field. 
[Applause] 


Chairman  Hayes:   Thank  you,  Mr.  Arnold. 

Mr.  Hutcheson,  this  concludes  my  three-year  term  as  chairman.  I  want  to 
thank  all  the  members  of  Committee  6  for  their  hard  work  and  especially  the  sub- 
committee chairmen.  They  did  a  terrific  job. 

Before  I  introduce  my  successor,  I  want  to  introduce  our  new  vice  chairman, 
a  \ery  capalile  young  fellow,  Don  A.  Bessey,  assistant  architect  of  the  Milwaukee 
Road.   Mr.   Bessey. 

The  new  chairman  is  W.  C.  Humphreys,  system  architect,  New  York  Central 
System.   Mr.   Humphreys,  I  am  sure  you  will  do  a  terrific  job,  better  than  I  did. 

Vice  President  Hutcheson:  Mr.  Hayes,  thank  you  and  tlie  members  of  your 
committee  for  your  report  and  efforts  on  behalf  of  the  Association. 

Mr.  Arnold  is  not  here  to  hear  this,  but  the  Association  certainly  appreciates 
his  being  with  us  and  telling  us  of  the  advancements  that  have  been  made  in 
relocatable  structures.  Thank  you  for  a  most  interesting  presentation. 

Mr.  Hayes,  the  Association  appreciates  the  dedicated  leadership  which  you 
have  given  to  Committee  6  during  the  past  three  years.  As  you  are  relieved  of  your 
responsibilities  as  chairman,  we  are  pleased  to  welcome  Mr.  Humphreys  as  your 
successor,  and  Mr.  Bessey  as  the  new  vice  chairman.  We  are  satisfied  from  their 
past  performance  that  under  their  direction  the  good  work  of  your  committee  will 
continue. 

I  want  to  say  that  I  personally  enjoyed  being  with  you  and  your  committee 
down  in  Clearwater,  Fla.,  at  your  meeting  earlier  tliis  year. 

Mr.  Humphreys,  as  a  symbol  of  your  new  authority  and  to  assist  you  in  con- 
ducting the  meetings  of  your  committee,  I  would  like  to  present  you  with  tliis 
chairman's  gavel.  The  inscription  reads:  "W.  C.  Humphreys,  Chairman,  AREA 
Committee  6,  1967-1969."  Thank  you  sir.  [Applause] 

Mr.  Hayes,  your  committee  is  now  excused  with  tlie  thanks  of  the  Association. 
[Applause] 


Discussion  on  Engineering  and  Valuation  Records 

[For  report,  see  Bulletin  603,  page  203] 

Vice  President  Hutcheson:  The  next  committee  to  report  will  be  Committee 
11 — Engineering  and  Valuation  Records,  the  chairman  of  which  is  H.  R.  Williams, 
valuation   engineer.   Union  Pacific   Railroad,   Omaha,   Neb. 

Chairman  H.  R.  Williams:  Mr.  Vice  President,  members  of  the  Association 
and  guests:  We  have  seven  assignments  under  study.  You  will  find  our  complete 
report  in  the  December  1966  Bulletin,  No.  603. 

This  year  we  have  included  in  our  Bulletin  four  eoHiprehensi\e  reports  on 
tour  assignments,  and  for  these  assigmnents  I  would  like  each  of  the  chairmen  of 
our  subcommittees  to  stand  and  be  recognized. 
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Assignm^'nt  2 — Bibliography. 

Chairman  J.  Bert  Byers,  assistant  to  chief  engineer,  Denver  &  Rio  C.rande  West- 
ern Railroad.  Mr.   Byars  is  also  Committee  11  vice  chairman. 

Assignment  3  — Office  and  Drafting  Practices. 

Chairman,  James  H.   Robinson,  engineer  capital  expenditures,  Bnrlington. 

Assignment  4 — Special  Studies. 

Chairman,  Milton   WoU,  \alnation  engineer,  Northern  Pacific. 

Assignment  6 — Valuation  and  Depreciation, 

Chairman,  Chester  Dolan,  engineer — capital  expenditures,  Missouri  Pacific. 
Chairman   Howard:    We  have  three  other  assignments  under  way.   For  these 
I   would  like  the  chairmen  to  rise  and  be  recognized. 

Assignment  1 — Revision  of  Manual. 

Chairman  John  L.  Manthey,  auditor  of  property  and  material  accoiuiting,  Elgin, 
Joliet  &  Eastern. 

Assignment  5 — Application  of  Data  Processing. 

Co-chairman,  Larry  F.  Grabowski,  auditor  of  capital  expenditures,  C&O-B&O. 
Co-chairman,  Harold  C.  Boley,  valuation  engineer,  Santa  Fe,  who  was  unable  to  be 
here  today. 

Assignment  7 — Revisions  and  Interpretations  of  ICC  Accounting  Classifications. 

Chairman,  Roljert  D.  Igou,  manager  of  capital  expenditures,  Rock  Island. 

Report  on  Assignment  4 — Special  Studies. 

Chairman  Williams:  We  are  going  to  present  just  one  report  today,  and  that 
will  be  on  our  special  studies  assignment  handled  by  Subcommittee  Chairman  Wolf. 
Our  current  subject  is  "The  Development  and  Use  of  Average  Prices  for  Retire- 
ments in  Track  Accounts."  Mr.  Wolf. 

M.  C.  WoLF:  The  report  on  As,signment  4  appears  on  page  211  of  Bulletin  6()'3, 
December  1966.  Before  discussing  this  report,  I  should  like  to  comment  briefly  on 
the  work  of  Subcommittee  4. 

The  present  officers  of  the  Association,  as  well  as  the  officers  of  recent  years, 
have  stressed  the  importance  of  the  prompt  study  of  new  dex'elopments,  and  of 
keeping  the  material  in  the  Proceedings  and  in  the  Manual  on  as  cun-ent  a  basis 
as  possible. 

With  this  in  mind,  Subcommittee  4  was  formed  late  in  1965  as  a  standing 
organization  to  make  special  studies,  as  promptly  as  possible,  of  new  problems  as 
they  are  assigned  to  us. 

Our  current  report  applies  to  the  first  study  assigned  to  us:  The  Developtncnt 
and  Use  of  Average  Prices  for  Retirements  in  Track  Accounts.  The  new  organiza- 
tion worked  effectively  in  producing  this  report.  All  members  responded  fully  to 
correspondence,  and  all  attended  the  special  meeting  of  the  subcommittee  at  which 
the  report  was  finalized. 

We  believe  that  the  report  is  a  complete  and  self-explanatory  discussion  of 
the  present  status  of  this  important  problem.  Therefore,  rather  than  quoting  from 
the  report,  I  should  like  to  comment  briefly  on  track  retirements  and  on  the  im- 
portance of  this  subject  to  engineers. 
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When  trackage  is  retired  from  service,  its  cost  is  removed  from  the  property 
account.  This  cost,  reduced  by  the  value  of  salvage  recovered,  is  charged  to  operat- 
ing expenses.  The  cost  of  dismantling  the  trackage  also  is  charged  to  operating 
expenses.  The  necessary  entries  in  the  accounts  are  a  matter  of  pure  bookkeeping. 
But  the  preparing  of  the  data  for  making  these  entries  Is  both  an  engineering  and 
an  accounting  problem,  and  the  result  of  the  charges  to  operating  expenses  con- 
cerns engineers,  accountants,  tax  lawyers  and  financial  policy  makers. 

Leaving  the  other  specialists  to  their  own  problems,  engineers  are  concerned 
first  with  the  work  they  do  for  submitting  data  imderlying  the  accounting  entries. 
Engineers  also  are  affected  in  several  ways  by  the  operating  expenses  which  result 
from  the  retirements.  The  operating  expenses  often  have  an  important  impact  on 
economic  studies  of  proposed  changes  in  the  property.  When  operating  expenses 
are  closely  controlled,  important  track  retirements  may  limit  the  amount  of  oper- 
ating expenses  permissible  for  other  purposes.  The  earnings  per  share  are  used  to 
some  extent  as  a  measure  of  how  effectively  a  company  is  operated  and  managed. 
Substantial  charges  made  to  operating  expenses  because  of  track  retirements  lead 
to  reduced  earnings  per  share.  For  these  reasons,  it  is  important  to  engineers  that 
the  retirement  credits  be  calculated  with  a  reasonable  degree  of  accuracy.  Of 
course,  it  is  important  to  everyone  that  the  cost  of  the  retirement  work  should 
not  become  excessive  because  of  undue  refinements.  Our  report  deals  at  some  length 
with  the  growing  difficulties  in  calculating  these  retirements. 

Consequential  changes  in  the  property  of  a  railroad  can  he  made  only  after 
formal  approval  of  the  management.  This  formal  approval,  often  called  an  Authority 
for  Expenditure,  contains  a  general  description  of  the  property  changes  which  are 
to  be  made.  Upon  completion  of  the  project,  the  engineer  in  the  field  issues  a 
report  showing  the  necessary  physical  information  about  the  work  which  has  been 
performed.  When  a  project  includes  the  retirement  of  track,  the  field  engineer's 
report  shows  the  physical  details  applying  to  the  retirement  covered  by  the  formal 
approval.  Thus  the  field  engineer's  report  is  the  first  step  in  the  process  of  adjust- 
ing the  corporate  records  for  retirements  of  property. 

The  next  step  is  to  determine  the  quantities  and  costs  which  are  included  in 
the  corporate  records  for  the  retired  property.  This  is  partly  an  engineering  and 
partly  an  accounting  function.  The  costs  determined  by  this  process  are  used  for 
clearing  the  property  accoimts,  a  purely  accounting  function. 

All  the  way  through  the  valuation  process  there  is  an  interweaving  of  engi- 
neering and  accounting  fimctions.  In  dealing  with  the  balances  now  carried  in  the 
property  accounts,  the  engineers  enter  the  picture  once  more.  By  recent  order  of 
the  Interstate  Commerce  Commission,  the  balances  carried  in  the  property  accounts, 
except  for  land,  are  developed  from  costs  detennined  in  the  engineering  reports 
made  by  the  Commission  in  its  basic  valuation.  These  reports  are  engineering 
studies,  based  on  engineering  principles.  They  are  not  intended  to  be  findings  of 
actual  cost. 

In  connection  with  its  basic  valuations,  the  Interstate  Commerce  Commission 
also  analyzed  the  property  accounts  and  their  historical  liackground  for  each  rail- 
road, and  issued  an  accounting  report  thereon.  The  purpose  of  this  study  was  to 
develop  the  actual  cost  for  each  company.  However,  because  of  the  lack  of  uni- 
formity of  past  accounting  practices,  and  because  of  the  lack  of  details  to  support 
the  balances  carried  in  the  property  accounts,  it  was  impossible  to  develop  an 
actual  cost  in  this  way  for  most  companies.  That  is  why  the  Interstate  Commerce 
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Commission   has   directed   that   the   propert>-   accounts   lie   adjusted    to   a   consistent 
basis  developed  from  its  engineering  reports. 

There  is  one  more  way  in  which  we  are  interested  in  retirement  problems. 
Most  railroads  these  days  are  reviewing  their  methods  and  procedures  in  order  to 
see  how  well  the\'  satisfy  present  needs.  The  preparation  of  retirement  data  is  one 
procedure  which  is  becoming  more  and  more  difficvdt.  We  hope  that  our  report 
and  these  comments  will  be  of  some  help  to  those  who  may  be  studying  the 
retirement  process  for  whatever  purpose. 


CHAmMAN  Williams:  There  is  one  hard  working  member  of  our  committee 
that  I  would  like  to  introduce  before  we  close.  He  is  our  secretary,  Dick  Shaw, 
valuation  engineer  for  New  York  Central. 

Mr.   Vice   President,   this   concludes   Committee   11 's  report. 

Vice  President  Hutcheson:  Thank  you,  Mr.  Williams.  On  two  occasions 
recently  I  had  the  pleasure  of  being  the  Board  of  Direction  representative  at  your 
meeting.  I  enjoyed  those  occasions.  I  found  you  to  be  a  hard-working  group  dili- 
gently pursuing  your  assignments. 

The  As.sociation  thanks  you  for  your  excellent  report  and  for  the  efforts  of 
you  and  your  committee  during  the  past  year.  Your  committee  is  now  excused, 
with   the   thanks   of  the  Association. 

Discussion  on   Impact  and   Bridge   Stresses 

[For  report,  see  Bulletin  604,  page  307] 

\'iCE  President  Hutcheson:  Gentlemen,  the  next  report  is  that  of  Commit- 
tee 30 — Impact  and  Bridge  Stresses.  The  chairman  of  this  committee  is  N.  E. 
Ekrem,  assistant  bridge  engineer,  Great  Northern  Railway,  Seattle,  Wash.  Mr. 
Ekrem,  will  you  and  the  members  of  your  committee  please  come  to  the  plat- 
form, and  if  possible,  we  would  like  for  your  reporting  subcommittee  chainnen  to 
sit  as  close  to   the  podium   as  possible. 

I  would  like  to  remind  the  audience  that  the  floor  is  yours  upon  your  request. 
We  invite  your  questions  and  your  interested  comments  on  the  committee  reports. 

Mr.  Ekrem  you  may  now  proceed  with  your  committee  report. 

Chairman  N.  E.  Ekrem:  Mr.  President,  members  of  the  As.sociation  and 
guests:  It  it  with  the  deepest  regret  that  1  recently  received  news  of  the  death  of 
Professor  A.  T.  Granger,  a  highly  respected  member  of  our  committee.  For  a  num- 
ber of  years  he  was  the  chairman  of  one  of  our  subcommittees  and  has  contributed 
much  to  our  work.  It  was  at  our  meeting  in  June  of  last  year  when  Professor 
Granger  told  us  that  he  had  stepped  down  from  the  post  as  head  of  the  Civil 
Engineering  Department  of  the  University  of  Tennessee,  but  plamied  to  pursue 
his  academic  endeavors  in  the  less  demanding  and  less  rigorous  role  of  teaching 
and  was  looking  forward  to  continued  participation  in  the  activities  of  Conunit- 
tee  30. 

We  have  sustained  a  lo.ss  in  his  passing.  A  memoir  will  lie  prepared  by  the 
committee   for   publication   in   a  future  Bulletin. 

This  year.  Committee  30  is  reporting  on  three  of  its  assignments.  Our  report 
has  been  published  in   Bulletin  604  and  is  presented  as  information, 
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Assignment  1 — Steel. 

Chairman  Ekrem:  D.  S.  Bechly,  assistant  to  engineer  of  bridges,  Illinois  Cen- 
tral Railroad  is  chairman  of  Subcommittee  1  and  will  present  the  report. 

D.   S.   Bechly:    Mr.   Chairman,   members  and   guests: 

As  reported  in  Bulletin  604,  our  steel  truss  program  for  the  field  determina- 
tion of  impact  stresses,  and  the  frequency  of  occurrence  of  maximum  stresses  in 
truss  bridge  members  under  normal  railroad  operation,  was  continued  this  year 
on  a  Great  Northern  Railway  bridge  near  Priest  River,  Idaho.  Results  of  this  test 
are  currently  being  assembled  by  the  AAR  Research  Center  staff  for  review  by 
Committee  30. 

To  continue  this  assignment,  it  is  necessary  that  we  locate  appropriate  truss 
spans  for  fui'ther  testing,  in  order  to  extend  the  range  and  depth  of  our  study. 
These  should  be  single-track  truss  spans  of  modern  design,  with  lengths  of  from  200 
to  400  ft,  although  longer  or  shorter  spans  meeting  the  other  qualifications  would 
be  considered.  The  bridges  should  be  on  tangent  track  and  in  areas  where  heavily 
loaded  cars  are  operated  over  them  at  speeds  of  at  least  60  mph,  or  preferably 
higher.  Any  assistance  that  you  can  render  in  making  truss  spans  that  will  meet 
these  requirements  available  for  field  testing,  so  that  the  work  of  Committee  30 
under  this   assignment  may  be  profitably  continued,  will  be  appreciated. 

Mr.  Chairman,  tliis  is  a  progress  report  of  the  work  under  Assignment  1,  and 
is   presented   as  information. 

CHAffiMAN  Ekrem :  I  might  add  that  I  followed  last  summer's  tests  of  the 
200-ft  truss  span  on  the  Great  Northern  Railway  at  Priest  River,  Idaho,  with  con- 
siderable interest  and  will  be  anxious  to  compare  measured  stresses  with  theoretical 
stresses  after  the  test  data  have  been  processed  and  analyzed. 

Assignment  2 — Concrete. 

CHAmMAN  Ekrem:  J.  A.  Erskine,  assistant  bridge  and  building  engineer  for 
the  Gulf,  Mobile  &  Ohio  Railroad  is  chairman  of  Subcommittee  2.  He  was  unable 
to  be  with  us  today,  so  I  will  present  the  report  on  this  assignment. 

A  report  entitled,  "Field  Investigation  of  Longitudinal  Forces  in  a  Concrete 
Trestle  on  the  Santa  Fe  Railway,"  was  published  during  the  year.  It  contains  some 
very  interesting  information  on  the  magnitude  as  well  as  the  distribution  of  longi- 
tudinal forces  due  to  braking  and  traction  in  a  660'-ft-long  concrete  trestle  consist- 
ing of  twenty  33-ft-long  prestressed  concrete  box  beam  spans  on  reinforced  concrete 
pile  bents.  It  was  found  that  approximately  half  of  the  longitudinal  force  was 
resisted  by  all  bents  in  the  bridge,  including  those  bents  which  carried  no  vertical 
live  load,  and  the  remainder  was  resisted  by  the  rails  and  the  back  walls  of  the 
bridge  ends. 

While  the  longitudinal  forces  used  by  the  Santa  Fe  in  designing  the  bridge 
were  less  than  AREA  specification  recommendations,  the  tests  brought  out  that 
actual  bent  forces  were  even  less  than  the  railroad's  assumptions  and  far  less  than 
AREA  recommendations.  Distribution  of  live  load  to  supporting  members  was  also 
studied,  and  in  this  instance  it  was  found  that  the  arrangement  of  transverse  tie 
rods  and  shear  keys  was  efi^ective  in  producing  very  nearly  uniform  distribution 
to  each  of  the  four  box  beams  comprising  the  test  span.  The  report  includes  much 
other  information  of  interest  to  design  engineers. 

The  subcommittee  is  of  the  opinion  that  we  are  nearing  the  stage  of  finalizing 
our  study  of  longitudinal  forces  in  bridge  structures  and  to  that  end  have  sum- 
marized pertinent  data   published   to   date  by  the   AREA.   The  summary  has   been 
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reviewed  by  the  entire  committee  and  referred  hack  to  the  subcommittee  for 
further  study  and  recommendations  for  AREA  specification  clianges  or  recom- 
mendations for  further  testing  if  such  is  needed  to   complete  the  study. 

The  subcommittee  is  looking  for  presti-essed  concrete  liridges  having  span 
lengths  in  the  50-  to  60-ft  range  for  futiue  testing  to  fill  obvious  gaps  in  research 
data  on   impact. 

Assignment   4 — Electronic  Computers. 

Chairman  Ekrem:  E.  R.  Andrlik,  Ijridge  designer  for  the  Atchison,  Topeka  & 
Santa  Fe  Railway,  is  chairman  of  Subconunittee  4  and  will  present  the  report  on 
electronic  computers. 

E.  R.   Anuhlik:   Mr.  President,  memliers  and  guests  of  the  Association: 

The  report  of  tliis  subconunittee  appeared  in  Bulletin  604,  January  1967.  It 
included  comments  on  the  use  that  has  been  made  of  the  moving-load  program  in 
calculating  moment  tables  for  heavy  railway  equipment  on  simple  spans.  It  also 
mentioned  this  committee's  interest  in  the  development  of  a  similar  program  for 
stresses  in  truss  spans  due  to  moving  railway  loads. 

The  railway  equipment  rated  by  computer  and  distributed  to  Member  Roads 
in  the  form  of  moment  tables  has  been  selected  from  recommendations  mostly  from 
members  of  Committee  30.  However,  we  will  consider  your  recommendations  also 
for  commonly  carried  heavy  railway  loadings  that  should  be  included  in  the  ne.xt 
group  of  tables  published. 

The  AAR  Research  Budget  for  1967  has  funds  approved  for  preparing  a  com- 
puter program  for  railway  truss  analysis.  The  AAR  will  contract  to  have  the  pro- 
gramming done  after  our  committee  decides  on  specifications  to  define  the  problems 
that  tliis  program  should  be  designed  to  solve  for  our  railroads.  Our  committee  has 
been  looking  forward  to  diis  development  in  our  assignment  for  several  years. 

Assignment  3 — Timber. 

Chairman  Ekrem  :  I  would  like  to  introduce  C.  V.  Lund,  assistant  chief 
engineer — structures,  of  the  Milwaukee  Road,  chairman  of  Subcommittee  3.  Mr. 
Lund,  will  you  stand  and  be  recognized  as  you  were  before  today?  Thank  you. 

This  year  we  were  unable  to  progress  our  assignment  on  timber.  I  should  say 
again  this  year.  This  has  happened  for  several  years  in  a  row  now  because  funds 
were  not  allocated  to  carry  out  the  needed  research. 

Mr.  Lund  and  members  of  his  Subcommittee  3  will  assist  in  other  areas  of  the 
committee  until  we  can  again  proceed  with  the  needed  research  on  existing  timber 
bridges. 


Chairman  Ekrem  (continuing):  Are  there  any  (juestions?  If  not,  Mr.  Vice 
President,   this   concludes   the   report  of  Committee  30. 

Vice  President  Hutcheson:  Mr.  Ekrem,  thank  you  for  your  interesting  re- 
port and  for  the  efforts  that  you  and  your  committee  members  have  made  on  be- 
half of  the  Association.  If  there  are  no  questions,  and  we  invite  tliem,  your  com- 
mittee is  excused  with  the  thanks  of  the  Association.  [Applause] 


598 Ties    and    Wood    Preservation 

Discussion  on  Ties  and  Wood  Preservation 

[For  report,  see  Bulletin  602,  page   181] 

Vice  President  Hutcheson:  Gentlemen,  the  next  committee'  to  give  its  report 
is  Committee  3 — Ties  and  Wood  Preservation.  The  chainnan  of  this  committee  is 
K.  C.  Edscorn,  purchasing  agent,  Missouri  Pacific  Railroad,  St.  Louis,  Mo.  Mr. 
Edscorn  will  you  and  your  committee  please  take  your  places  at  the  Speaker's 
Table. 

Mr.   Edscorn,  will  you  now  proceed  with  your  committee  presentation? 

CHAmMAN  K.  C.  EuscoKN:  Mr.  Vice  President,  members  and  guests:  I  regret  to 
report  that  since  the  last  Convention  of  the  Association,  two  of  our  most  active 
members  died — N.  A.  Salzano,  project  engineer  of  the  Baltimore  &  Ohio  and  E.  F. 
Snyder,  assistant  to  chief  engineer  of  the  Illinois  Central. 

The  annual  report  of  Committee  3  can  be  found  in  Bulletin  602,  pages  181 
to  188.  We  have  progressed  work  on  six  assignments  this  year.  However,  we  will 
make  oral  reports  on  only  two  of  them. 

Assignment  1 — Revision  of  Manual. 

Chairman  Edscorn:  Assignment  1  has  been  carried  out  by  the  chairman  of 
the  subcommittee,  C.  S.  Burt,  assistant  to  vice  president,  purchases  and  stores, 
Illinois   Central  Railroad,   who  will  now  present  the  report  of  his  subcommittee. 

C.  S.  Burt:  Mr.  Vice  President,  members  and  guests:  Sizable  quantities  of 
cross  ties  still  serviceable  enough  for  economical  reuse  become  available  when  lines 
are   abandoned  and  tracks  are   taken  up. 

It  is  our  purpose  to  provide  guide  lines  that  may  be  helpful  in  evaluating  the 
further  service  life  of  such  ties.  Accordingly,  it  is  recommended  that  Miscellaneous 
Part  of  Chapter  3  of  the  Manual,  dealing  with  "The  Handling  of  Ties  from  the 
Tree  into  the  Track,"  beginning  on  page  3-M-l,  be  reapproved  with  addition  of 
the  material  shown  on  page   182  of  Bulletin  602. 

Mr.  Vice  President,  I  so  move. 

[The  motion  was  duly  seconded,  was  put  to  a  vote  and  carried.] 

Assignment  2 — Cross  and  Switch  Ties. 

CHAffiMAN  Edscorn:  Assignment  2,  having  to  do  with  cross  and  switch  ties, 
is  under  the  direction  of  E.  M.  Cummings,  regional  assistant  chief  engineer,  C&O- 
B&O,  whom  I  would  like  to  recognize.  Mr.  Cummings. 

Assignment  3 — Wood  Preservatives. 

CHAmMAN  Edscorn:  Assignment  3 — Wood  Preservatives,  is  under  the  direction 
of  W.  W.  Barger,  chief  inspector.  Tie  and  Timber  Treating  Department,  Santa  Fe, 
who  was  unable  to  be  with  us  today. 

Assignment   4 — Preservative   Treatment  of  Forest  Products, 

Chairman  Edscorn:  Assignment  4 — Preservative  Treatment  of  Forest  Products, 

is   under   the   direction   of   L.   C.   Collister,   manager-treating   plants,   Santa  Fe.   Mr. 

Collister,  will  you  please  stand  and  be  recognized. 

Assignment  5 — Service  Records  of  Forest  Products. 

Chairman  Edscorn:  Assignment  5 — Service  Records  of  Forest  Products,  is 
being  handled  by  J.  T.  Skerczak,  industrial  forester,  C&O-B&O.  Unfortunately, 
he  had  to  leave  early  to  catch   a   train. 
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Assignment  6 — Collaborate  with  AAR  Research  Department  and  Other 
Organizations  in  Research  and  Other  Matters  of  Mutual  Interest. 

Chairman  Edscohn:  Our  final  assignment  on  wliich  we  would  like  to  make  a 
few  comments,  No.  6 — CoUalwrate  with  AAR  Research  Department  and  Other 
Organizations  in  Research  and  Other  Matters  of  Mutual  Interest,  is  handled  by 
P.  D.  Brentlinger,  forester,  Pennsyhania  Railroad,  who  is  not  here.  I  shall  read 
his  report. 

The  major  task  assigned  to  Subcommittee  6  is  tlie  working  over  of  a  specifi- 
cation for  concrete  ties.  Presendy  we  are  working  on  the  third  revision  of  the 
specification  since  it  was  first  published  in  Report  ER  58  in  April   1965. 

With  the  help  of  collaborating  members  from  the  Track  and  Masonry  Com- 
mittees, the  parts  of  the  specification  regarding  track  fastenings  and  quality  con- 
trol of  the  concrete  are  lieing  revised  to  pro\ide  a  tie  suitable  for  use  on  the 
American  Railroads. 

The  committee  will  not  present  the  specification  to  the  As.sociation  until,  in  its 
judgment,  the  tie  will  endure  when  subjected  not  onl\-  to  the  wheel  loads  of 
toda>-,   but  also  to  the  heavier  loads  of  the  future. 

Te^ts  of  concrete  tie  installations  are  observed  by  personnel  from  the  AAR 
Research  Center  and  their  findings  are  beneficial  in  establisliing  minimum  standards. 

Engineers,  and  members  of  the  Communications  and  Signal  Section,  are  inter- 
ested in  insulation  to  assure  uninterrupted  track  circuits.  The  concrete  tie  without 
insulation  between  the  chp  and  rail  base  provides  4000  ohms  resistance  in  dry 
track,  and  less  than  1000  ohms  in  wet  track.  The  committee  is  working  on  the 
insulation  aspect  to  provide  a  tie  with  35,000  ohms  resistance  for  those  who  require 
such  resistance. 

Member  roads  who  have  representati\es  on  tlie  committee  are  urged  to  pro- 
vide those  members  with  any  information  pertinent  to  the  specification  for  concrete 
ties. 


CH.\mMAN  Edscokn  (continuing):  Mr.  Hutcheson,  this  concludes  the  report 
of  Committee  3. 

\'iCE  President  Hutcheson:  Mr.  Edscorn,  you  and  die  members  of  your  com- 
mittee are  to  be  congratulated  upon  the  fine  report  that  you  have  made  and  upon 
the  accomplishments  of  your  committee  during  the  past  year.  The  efforts  of  all  of 
\ou  are  greatly  appreciated  by  the  Association. 

Your  committee  is  now  excused  with  the  thanks  of  tho  Association.   [Applause] 

Discussion   on   Masonry 

[For  report,  see  Bulletin  604,  page  311] 

Vice  President  Hutcheson:  Gentlemen,  the  final  report  for  the  second  and 
ne.\t-to-the-last  technical  session  of  our  1967  Convention  will  be  made  by  Com- 
mittee 8 — Masonry.  The  chairman  of  this  important  committee  is  J.  R.  Williams, 
engineer  of  bridges,   Chicago,  Rock  Island  &  Pacific  Railroad,   Chicago. 

Mr.  Williams,  the  microphone  is  yours  as  soon  as  all  the  members  of  the 
committee  are  at  the  platform. 

Chairm.an  J.  R.  Williams:  Mr.  Hutcheson,  members  of  the  Association  and 
guests:   Your  committee  wishes  to  express  its  sorrow  in  the  death  of  Robert  Willis 
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Gilmore,  Member  Emeritus  of  Committee  8,  on  September  24,  1966,  at  the  age  of 
73.  A  memoir  in  his  honor  was  pubHshed  in  Bulletin  604. 

Your  committee  also  wishes  to  express  its  sorrow  in  the  death  of  another 
member,  B.  J.  Ornbum,  assistant  chief  engineer  structures,  Chicago,  Milwaukee, 
St.  Paul  &  Pacific  Railroad,  on  February  23,  1967.  A  memoir  will  be  prepared  in 
his  honor. 

Your  committee  on  masonry  has  reported  on  six  assignments  in  Bulletin  604, 
pagas  311  through  342.  Four  of  these  reports  include  Manual  revisions.  In  the 
interest  of  saving  time,  only  those  chairmen  presenting  important  Manual  revisions 
will  give  their  reports.  I  will  call  on  the  remaining  chairmen  to  stand  and  be 
recognized. 

Assignment  2 — Design   of   Masonry  Structures. 

CHAmMAN  Williams:  The  chairman  of  Subcommittee  2  is  F.  A.  Kempe,  Jr., 
district  engineer.  Northern  Pacific  Railway  Company,  Fargo,  N.  D.  Mr.  Kempe, 
will   you   stand   and    he   recognized. 

This  committee  is  assembling  information  to  rewrite  Part  12,  Concrete  Poles, 
of  Chapter  8  of  the  Manual,  and  will  continue  to  make  revisions  to  Part  2,  Plain 
and  Reinforced  Concrete  Members.  It  is  awaiting  a  report  from  the  AAR  laboratory 
on  the  study  of  concrete  shear  keys. 

Your  committee  has  published  a  recommended  addition  to  Part  2,  Chapter  8, 
of  the  Manual  in  Bulletin  604,  concerning  pier  protection. 

Mr.  President,  I  move  that  the  new  Art.  4,  Pier  Protection,  as  published  in 
Bulletin  604,  page  313  be  approved. 

[The  motion  was  duly  seconded,  was  put  to  a  vote  and  carried.] 

Assignment  3 — Foundations  and  Earth  Pressures, 

Chairman  Williams:  G.  W.  Cooke,  consulting  engineer,  Columbus,  Ohio,  is 
chairman  of  Subcommittee  3.  Mr.   Cooke,  is  not  with  us  today. 

This  subcommittee  has  given  a  progress  report  on  three  parts  of  its  assignment 
on  page  313,  Bulletin  604.  This  assignment  consists  of:  (a)  specifications  for  em- 
bedment of  poles,  (b)  specifications  for  sheet  pile  retaining  walls,  and  (c)  a  bibli- 
ography on  the  effect  of  earthquake  forces  on  pier  foundations. 

Assignment  6 — Prestressed  Concrete  for  Railway  Structures, 

CHAmMAN  Williams:  Your  subcommittee  during  the  past  year  has  completed 
the  revision  of  Part  17,  Chapter  8  of  the  Manual,  "Specification  for  Design,  Materials 
and  Construction  of  Prestressed  Concrete  Structures." 

Mr.  President,  I  move  the  revision  of  Part  17,  Chapter  8,  of  the  Manual  as 
published  in  Bulletin  604,  page  314,  be  approved. 

[The  motion  was  duly  seconded,  was  put  to  a  vote  and  carried.] 

CHAmMAN  Williams:  This  subcommittee  is  currently  working  on  design  of  a 
prestressed  concrete  tie  for  open-deck  steel  bridges. 

It  is  also  developing  a  design  of  prestressed  concrete  box  beams  in  1-ft  incre- 
ments of  length  for  spans  from  30  ft  to  approximately  45  ft  in  length. 

Your  committee  submits  as  information  laboratory  investigation  of  prestressed 
lightweight   concrete   box   beams   as   published   in   Bulletin   604. 
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Assignment  7 — Quality  of  Concrete  and  Mortars. 

Chairman  Williams:  The  chairniaii  of  SulKonimittee  7  is  W.  P.  Hendrix,  area 
engineer — structures,  Pennsylvania  Railroad,  ChieaKo.  Mr.  Hendrix,  will  you  stand 
and  be  recognized. 

This  subconunittee's  primaiy  task  has  been  the  revision  of  the  AREA  pamphlet, 
"Instructions  for  Mixing  and  Placing  Concrete."  Because  of  rapidly  changing  tech- 
nology in  the  concrete  field,  it  will  not  be  feasible  to  keep  the  pamphlet  up  to  date. 
In  view  of  this,  your  committee  proposes  to  re-tdit  this  material  and  publish  it  in 
the  AREA  Bulletin  as  information. 

Your  committee  will  continue  to  make  editorial  revisions  to  ASTM  designations 
as  outlined  on  page  336  of  the  Januar>-   1967  AREA  Bulletin,   No.   604. 

Assignment  8 — Waterproofing  for  Railway  Structures. 

Chairman  Williams:  Subcommittee  Chairman  R.  J.  Brueske,  division  engineer, 
Chicago,  Milwaukee,  St.  Paul  &  Pacific  Railroad,  Milwaukee,  WLs.,  will  report  on 
Assignment  8. 

R.  J.  Brueske:  Mr.  President,  Mr.  Williams,  fellow  members  and  guests:  Your 
committee  has  completed  work  on  its  assignment  to  investigate  waterproofing  quali- 
ties of  butyl  rubber  membrane.  We  have  rewritten  the  Specifications  for  Membrane 
Waterproofing,  Part  2,  Chapter  29,  to  include  the  use  of  butyl  rubber. 

Mr.  Hutcheson,  I  move  that  the  specificaticm  changes  for  Part  2  of  Chapter  29, 
Membrane  XN'aterproofing,  published  on  pages  337  through  342  of  Bulletin  604  be 
approved  for  addition  to  the  Manual. 

[The  motion  was  duly  seconded,  was  put  to  a  vote  and  carried.] 

Mr.  Brueske:  The  work  on  our  assignment  to  report  on  waterproofing  qualities 
of  epoxy  resins  and  related  materials,  was  stopped  during  the  past  year  and  we 
have  decided  to  drop  this  assignment  for  1967. 

For  1967,  we  are  recommending  two  assignments:  (a)  investigate  types  of 
membrane  protection,   and    (b)    investigate  types   of  joint  sealers. 

Mr.  \\'illiams,  this  ends  my  term  as  chairman  of  this  subcommittee.  J.  R. 
Iwinski  will  take  over  the  chairmanship.  I  wish  to  thank  every  one  for  the  coopera- 
tion I  have  received  the  past  years. 


Chairman  Williams:  As  you  heard  this  afternoon.  Committee  3  will  soon 
publish  specifications  for  concrete  cross  ties. 

In  view  of  this,  Committee  8  felt  that  concrete  cross  ties  would  be  a  timely 
subject  for  a  special  feature.  The  gentleman  who  will  address  you  on  this  subject 
certainly  Is  well  qualified  to  do  so.  He  is  a  longtime  member  of  Committee  8,  is 
extremely  well  versed  in  the  design  of  concrete  structures  and  has  been  active  in 
the  development  of  the  concrete  cro.ss  ties — Ceorge  Leyh  of  the  Portland  Cement 
Association.  George. 
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Concrete  Cross  Ties  Come  of  Age  on  American  Railroads 

By    GEORGE    F.    LEYH 

Railway    Representative,    Portland    Cement   Association 

Thank  you,  Jack.  Mr.  Hutcheson,  ladies  and  gentlemen:  It  is  a  sincere  pleasure 
for  me  to  have  this  opportunity  to  show  you  a  brand-new  film  which  the  Portland 
Cement  Association  has  produced  to  illustrate  new  developments  in  concrete  cross 
ties. 

The  subject  of  cross  ties  in  general  seems  to  be  receiving  more  attention  in 
railway  engineering  and  purchasing  offices  lately,  and  this  is  primarily  due,  I  believe, 
to  the  shortage  in  quality  timber  cross  ties  which  is  being  experienced  by  some 
railroads. 

Correspondingly,  there  seems  to  be  a  tremendous  surge  of  interest  in  the  con- 
crete cross  tie  mainly  because  of  its  availability  in  many  areas  of  the  country,  and 
also  because  in  some  areas  of  the  country  it  is  becoming  competitive  on  a  first-cost 
basis  with  timber  cross  ties  per  mile  of  track.  By  competitive,  I  mean  for  new  track 
construction  or  for  out-of-face  renewal  work,  not  spot  replacement.  Concrete  cross 
ties  are  produced  from  a  very  dense,  high-quality  material  and  can  be  expected  to 
last  50  years  or  longer. 

Finally,  concrete  ties  are  12  in  wide  and  are  designed  to  be  spaced  on  30-in 
outers,  and  recent  research  by  the  AAR  and  other  organizations  indicate  that  12-in 
ties  on  30-in  spacings  result  in  a  considerable  savings  in  annual  maintenance  cost 
compared  with  9-in  ties  on  20-in  centers. 

The  first  modern  concrete  cross  tie  installation  in  this  country  ocurred  about 
7  years  ago,  in  March  of  1960.  In  1961  the  Portland  Cement  Association  produced 
an  earlier  film  on  concrete  cross  ties,  which  showed  some  of  the  development  work 
that  was  behind  the  use  of  the  first  concrete  cross  ties.  It  showed  some  of  the  earlier 
test  installations  and  some  of  the  early  manufacturing  technics. 

The  film  that  we  are  going  to  see  today  shows  the  developments  in  the  concrete 
cross  tie  since  1961.  It  shows  the  modern  production  technics  used  to  manufacture 
ties,  and  the  semi-automated  machinery  that  is  in  use  today.  It  shows  some  new 
installation  technics  used  to  put  these  ties  in  track.  It  shows  the  types  of  ties  which 
are  currently  available,  and  also  lists  some  of  the  manufacturers  in  the  business  or 
on  the  verge  of  entering  the  concrete  cross  tie  business. 

The  film  is  entitled,  "Concrete  Cross  Ties  Come  of  Age  on  American  Railroads." 

I  would  like  to  point  out  that  this  is  the  premier  showing  of  the  film.  This 
version  has  never  before  been  viewed  by  an  audience.  It  will  be  available  from  the 
PCA  for  showing   throughout  the   country  after  about  April   1. 

Now  without  further  elaboration,  I  would  like  to  show  you  our  new  film,  and 
at  the  conclusion  of  the  film,  I  would  be  very  happy  to  answer  any  questions  that 
you  might  have  either  on  the  film  or  on  my  very  brief  remarks. 

[At  this  time  the  film  was  shown.] 

Mr.  Leyh:  I  hope  you  enjoyed  this  brand-new  film,  gentlemen.  As  you  are 
aware.  Committee  3  is  preparing  a  specification  to  govern  the  design,  production 
and  testing  of  concrete  ctoss  ties,  which  I  hope  will  insure  the  availability  of  high- 
quality  cross  ties  to  the  American  railroads. 

Now  are  there  any  questions  on  the  film  or  on  my  remarks? 

C.  J.  Henry   [Pennsylvania  Railroad,  retired] :   What  is  the  average  cost? 
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Mr.  Le\'H:  In  the  Cliicago  area  concrete  cross  ties  have  been  sold  for  about 
$11.20  for  the  tie  itself,  plus  $2.50  for  the  fastener  for  a  total  of  $13.70. 

Now,  in  the  Chicago  area,  timber  cross  tie^  cost  a]x)ut  $5.75,  with  $4.68  for 
the  complete  fastener,  for  a  total  of  $10.43. 

Now  tlie  wider  concrete  tie,  of  course,  is  designed  to  be  spaced  on  30-in  centers 
versus  20-in  centers  for  timber,  so  the  cost  per  mile  of  track  figures  out  to  be 
$28,700  for  concrete  and  $33,100  for  timber. 

These  costs,  of  course,  will  vary  from  locale  to  locale. 

Mr.  Henry:  Have  the  fastenings  between  the  tie  and  the  rail  been  satisfactory? 

Mr.  LE'i'H:  There  are  many  fastenings  available  today,  ranging  from  a  very 
rigid  t>pe  of  fastener  to  a  very  flexible  t\'pe,  and  I  believe  that  a  fastener  somewhere 
in  between  the  \ery  rigid  and  the  very  flexible  is  successful  and  is  becoming  accepted 
b>-  the  railroads.  The  AAR  is  doing  a  lot  of  research  on  fastenings,  and  just  what 
is  required  to  hold  the  rail  against  longitudinal  movement  and  to  take  the  forces 
due  to  wheel  movement. 

Mr.  Henry:  HaN'e  there  been  any  indications  of  failure  with  the  clips  under 
high-speed  traffic? 

Mr.  Leyh:  There  have  been  failures,  I  beliexe,  particularly  on  an  installation 
down  in  Venezuela  where  the  clips  were  manufactured  from  a  poor  type  of  steel, 
but  the  new  Committee  3  specification  will  also  cover  the  clips,  and  will  include  a 
series  of  tests  that  clips  must  undergo  before  they  are  acceptable  for  use  on  concrete 
ties. 

Mr.  Henry:  Are  they  of  ordinary  carbon  steel? 

Mr.  Le\-h:   Mr.  Ruble  is  in  the  audience.  He  probably  can  tell  you. 

E.  J.  Ruble  [AAR]:  SAE  1090  steel,  heat  treated  in  oil  to  a  Brinell  hardness 
of  375  to  429. 

Voice:  Is  there  any  tendency  for  these  ties  to  roll  over  or  tilt  under  traffic? 

Mr.  Leyh:  I  have  not  seen  any  myself.  The  clip  holds  the  rail  pretty  rigidly 
to  the  tie,  and  I  have  noticed  no  tendency  for  the  tie  to  tilt  or  tip  due  to  movement 
of  traffic. 

Voice:   Has  the  polyethylene  pad  been  successful? 

Mr.  Leyh:  It  has  been  successful,  although  there  is  a  tendency  for  the  pad 
as  now  designed  to  roll  out  from  underneath  the  rail,  and  the  pad  is  being  re- 
designed. There  are  two  or  three  ideas  on  how  to  keep  it  between  the  rail  and  the 
concrete.  But  this  is  the  only  problem  with  the  pad  that  we  have  noticed  to  date. 
The  pilot  material  we  have  seems  to  work  out  fine,  and  its  cost  is  fairly  low. 

Voice:    Have  you  made  any  concrete  switch  ties? 

Mr.  Le^ti:  Switch  ties  are  a  problem.  I  don't  know  of  any  that  have  been 
made  in  this  country. 

Voice:   Are  switch  ties  being  made  of  concrete  in  other  countries? 

Mr.  Leyh:  I  believe  some  countries  have  tried  to  make  switch  ties,  but  it 
becomes  quite  a  problem  to  get  the  inserts  in  the  right  place.  It  is  difficult  to  drill 
in  inserts  in  concrete  ties  with  the  quality  of  the  concrete  that  is  being  u.sed. 

Voice:  Does  the  clip  attachment  also  function  as  the  anchor  or  are  other 
anchors  used  occasionally? 

Mr.  Leyh:  No,  the  clip  is  the  entire  anchor.  It  is  a  pressure  clip  that  holds 
the  rail  to  the  concrete,  and  tests  have  been  made  to  insure  that  there  is  enough 
force  exerted  on  the  rail  to  withstand  the  longitudinal  movement  of  a  long,  welded 
rail  due   to   temperature  change. 
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Voice:   What  is   being  done  to  increase  the  electrical  resistance? 

Mr.  Leyh:  Up  until  about  six  months  ago,  we  didn't  realize  there  was  a  real 
problem  with  electrical  resistance.  In  fact,  this  has  been  a  problem  only  on  one 
railroad  that  I  know  of  in  this  country,  the  Florida  East  Coast.  They  have  solved 
the  problem  by  shortening  their  signal  blocks 

Now  this  is  not  a  permanent  solution,  and  the  Portland  Cement  Association 
has  just  recently  initiated  a  research  project  to  study  the  electrical  resistance  of 
concrete  and  determine  if  an  ingredient  can  be  added  to  the  concrete  to  increase 
its  insulating  properties,  and  also  to  develop  an  insulating  clip  or  system  to  insolate 
the  rail  completely  from  the  concrete,  assuming  that  we  cannot  change  the  properties 
of  the  concrete. 

Voice:   It  seems  to  be  a  function  of  the  free  lime,  doesn't  it? 

Mr.  Leyh:  Yes,  and  there  are  probably  some  additives  that  you  could  put  in 
the  concrete,  such  as  fly  ash  or  high  aluminum  cement,  that  would  cut  down  the 
amount  of  free  lime  that  is  in  the  concrete  mix. 

This  has  been  researched  by  our  laboratory.  It  is  being  done  at  the  present 
time,  and  we  hope  for  results  by  early  summer. 

Voice:  Where  the  rail  is  held  rigidly  to  the  ties,  have  you  observed  any  ten- 
dency for  the  ties  to  pump? 

Mr.  Leyh:   Yes,  I  have  seen  some  pumping  of  concrete  ties. 

Voice:  Could  that  be  corrected  by  providing  a  small  amount  of  play  so  that 
the  rail  could  move,  say,  a  quarter  of  an  inch  above  the  tie? 

Mr.  Leyh:  This  is  being  resolved  in  two  ways,  really.  With  a  more  flexible 
clip,  the  rail  is  allowed  to  move  away  from  the  tie  a  certain  amount,  but  there  is 
still  a  force  maintained  on  it  by  the  clip. 

The  AAR  has  designed  a  special  clip  to  be  used  at  rail  joints  which  would 
allow  the  rail  to  move  any  amount  away  from  the  tie.  In  other  words,  the  rail  is 
not  restrained  by  the  clip.  This  clip  would  be  used  on  the  ties  right  at  the  rail 
joint,  and  then  on  each  side  of  these  ties  there  would  be  another  special  type  of  clip 
that  would  limit  the  movement  to  a  quarter  of  an  inch.  Then  as  you  go  further 
away  from  the  joint,  you  would  go  back  to  your  standard  clip. 

Voice:  As  you  know,  the  stresses  in  a  rail  acting  as  a  girder  varies  as  the 
square  of  the  distance  between  supports.  For  ease  of  calculation,  let's  say  we  have 
20-in  spacing  for  wooden  cross  ties,  and  30-in  spacing  for  concrete  cross  ties.  If 
we  lose  a  timber  cross  tie,  lose  the  support  of  it,  we  get  40  in  between  supports. 
The  square  of  that  is  1600.  If  we  lose  a  concrete  cross  tie  support,  we  get  60  in 
between  supports.  The  square  of  that  is  3600.  So  we  have  a  ratio  of  1600  to  3600. 

In  all  my  reading  or  discussion  of  this  thing,  I  have  never  heard  anybody  even 
bring  this  into  consideration.  And  we  do  lose  support  under  cross  ties. 

Mr.  Leyh:  I  think  you  have  a  greater  chance  of  losing  support  under  a  timber 
cross  tie  than  a  concrete  tie. 

Voice:  Why? 

Mr.  Leyh:  For  one  thing,  a  timber  tie  is  subject  to  plate  cutting,  and  you  are 
liable  to  lose  support  due  to  this  feature;  and  secondly,  the  modulus  of  subgrade 
reaction  for  the  wider  concrete  ties  on  a  30-in  spacing  is  greater  than  that  of  9-in- 
wide  timber  ties  on  a  20-in  spacing,  according  to  measurements  that  we  have  taken 
in  the  field  and  which  are  backed  up  by  tests  in  the  AAR  laboratory. 

1  see  Mr.   Ruble's  hand   is  up. 
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Mh.  Ruble:  Of  course,  in  track  the  rail  does  not  act  as  a  simple  span.  It  acts 
as  a  continuous  structure  on  elastic  supports.  The  mathematics  get  rather  compli- 
cated in  figuring  out  the  bending  moments  for  such  a  condition,  but  we  have  figured 
them  out,  and  found  that  the  rail  stresses  are  only  increased  about  3  or  4  percent 
with  an  increase  in  tie  spacing  from  20  in  to  30  in,  so  the  square  of  the  span  does 
not  enter  into  it. 

\'oice:    I    don't    believe    that.    [Laughter] 

Mr.  Ruble:  All  you  have  to  do  is  look  through  Dr.  Talbot's  work  on  stresses 
in  railroad  track  from  about  1921  to  1924.  Maybe  that  would  convince  you. 
[Laughter] 

Also,  maybe  you  will  believe  this:  On  the  Frisco  test  installation,  there  are 
wood  ties  at  20-in  spacing  and  concrete  ties  at  30-in  spacing.  Now,  we  determined 
the  stresses  in  the  rail  for  both  the  timber  support  and  the  concrete  support,  and 
l)elie\e  it  or  not,  the  stress  in  the  rails  supported  by  the  concrete  ties  was  less  than 
what  it  was  in  the  rails  supported  by  the  timber  ties. 

Mr.  Leyh:  I  might  add  that  the.se  timber  ties  were  brand-new  and  were  in- 
stalled at  the  same  time  as  the  concrete  ties. 

Voice:  You  quoted  some  prices  for  concrete  and  timber  ties.  What  are  the 
dimensions  of  these  ties? 

Mr.  Leyh:  My  figures  for  the  timber  tie  were  taken  from  the  Etifiineering  News- 
Record.  They  are  treated  oak  ties,  7  in  by  9  in  by  8  ft  6  in  long.  The  concrete  ties 
are  8  ft  6  in  long  and  12  in  wide,  with  varying  other  dimensions,  basically  7  in  deep. 

Voice:  Has  the  AAR  worked  with  PCI  in  coming  up  with  design  specifications 
for  concrete  ties?  PCI  produces  counsel  nation-wide  for  prestressed  concrete. 

Mr.  Leyh:  The  AAR  has  worked  with  the  PCA  which  is  working  with  the 
PCI  on  this.  [Laughter]  I  happen  to  be  a  member  of  a  PCI  liaison  committee  with 
the  AREA.  So  PCI  is  well  aware  of  what  is  going  on  and  of  these  specifications. 
Also,   the   tie  producers   themselves  are  aware  of  the  specifications. 

Are  there  any  other  questions? 

Mr.  Leyh:  Thank  you  very  much,  gentlemen,  and  thank  you,  Mr.  Ruble. 
[Laughter  and  applause] 

Chairman  Williams:  Thank  you,  George. 


Chairman  Williams  (continuing):  Mr.  Hutcheson,  my  three-year  term  of  office 
as  chairman  of  Committee  8  will  be  completed  at  the  close  of  this  Annual  Meeting. 
Tlie  term  has  been  enjoyable  and  rewarding,  and  I  would  like  to  thank  the  com- 
mittee for  their  excellent  cooperation  and  the  Association  for  giving  me  this  oppor- 
tunity to  serve  in  this  capacity. 

The  Board  of  Direction  has  approved  the  appointment  of  R.  J.  Brueske,  division 
engineer,  Chicago,  Milwaukee,  St.  Paul  &  Pacific  Railroad,  as  the  new  chairman, 
and  F.  A.  Kempe,  Jr.,  district  engineer.  Northern  Pacific  Railway  as  the  vice  chairman. 

Vk:e  President  Hutcheson:  Thank  you,  Mr.  Williams,  for  that  fine  report 
and  for  the  outstanding  work  and  accomplishments  of  your  conuuittee  during  the 
past  year.  I  also  want  to  thank  you  for  your  hospitality  to  me  at  your  meeting  at 
Clearwater,   Fla.,  recently. 

Mr.  Leyh,  we  want  to  thank  your  for  your  remarks  and  for  showing  us  that 
excellent  motion  picture  on  concrete  cross  ties.  We  appreciate  your  efforts  on  our 
behalf  today  and  your  continued  contributions  to  Committee  8  and  Committee  3. 
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I  would  also  like  to  call  your  attention  to  the  restraint  of  your  vice  president 
during   tlie   discussion.    [Laughter] 

Mr.  W'illiams,  we  appreciate  the  able  and  dedicated  leadership  which  you  have 
given  to  Committee  8  for  the  past  three  years.  We  are  pleased  to  welcome  Mr. 
Brueske  as  your  successor,  and  Mr.  Kempe  as  the  new  vice  chairman.  We  are 
satisfied  from  their  past  performance  that  under  their  direction  the  good  work  of 
your  committee  will  continue. 

Mr.  Brueske,  as  a  symbol  of  your  new  authority  and  to  assist  you  in  conducting 
the  meetings  of  your  committee,  I  would  like  to  present  you  with  this  chairman's 
gavel.  The  inscription  reads:  "R.  J.  Brueske,  Chaimian,  AREA  Committee  8,  1967- 
1969."  We  wish  you  much  success  in  your  new  capacity. 

Mr.  Williams,  your  committee  is  now  excused  with  the  thanks  of  the  Associa- 
tion.  [Applause] 


Vice  President  Hutcheson  (continuing):  Gentlemen,  this  concludes  the  Thurs- 
day afternoon  session.  We  thank  you  for  your  attendance  and  hope  that  you  have 
gained  much  from  tlie  deliberations  and  discussions  at  this  session  of  our  Convention. 

I  have  just  been  infomied  that  up  to  the  present  time  the  total  registration  is  910. 

The  Convention  convenes  at  9  o'clock  tomorrow  morning.  May  I  remind  you 
of  the  interesting  special  features  that  are  to  be  presented  at  tomorrow  morning's 
technical  session.  The  first  report  will  be  that  of  Committee  1 — Roadway  and  Ballast, 
here  in  this  room.  We  look  forward  to  seeing  you  in  the  morning. 

I  would  like  to  call  to  your  attention  that  at  5:30  pm  the  AREA-REMSA  Recep- 
tion will  be  held  in  the  Williford  Room  across  the  hall. 

This  concludes  the  afternoon  session. 

[The  meeting  rece.ssed  at  5  o'clock.] 

Morning  Session,  March   10,   1967 

[The  meeting  reconvened  at  9   am,  President  Trissal,  presiding.] 

President  Trissal:  Gentlemen,  and  we  will  now  convene  the  final  technical 
session  of  our  1967  Convention. 

However,  before  we  get  to  the  first  report,  I  would  like  to  record  our  thanks 
for  the  lovely  reception  that  tlie  REMSA  people  put  on  last  night,  and  whether 
there  are  any  REMSA  folks  here  or  not,  it  will  be  in  the  record  that  we  all  appre- 
ciate the  fine  job  they  did. 

Discussion  on   Roadway  and  Ballast 

[For  report,  see  Bulletin  605,  page  489] 

PREsroENT  Trisall:  The  first  committee  to  report  at  this  session  is  Committee  1 
— Roadway  and  Ballast.  The  chairman  is  L.  J.  Deno,  maintenance  engineer,  Chicago 
&   North  Western   Railway,   Chicago.   Mr.   Deno. 

Chairman  L.  J.  Deno:  Mr.  President,  members  and  guests:  During  the  past 
year  Committee  1  held  two  regular  meetings  at  which  our  11  subcommittees  re- 
ported progress  on  their  assignments.  Formal  reports  will  be  presented  on  six  of 
the  assignments.  These  reports  are  published  in  Bulletin  605,  pages  489  to  521,  incl. 
We  invite  your  comments  on  these  reports. 
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Before  presenting  our  report,  the  committee  wishes  to  report  tlie  death  of  one 
of  our  Members  Emeritus,  Ceorj^e  W.  Payne.  F.  N.  Bei^hley,  roadway  engineer, 
St.  Louis-San  Francisco  Railway,  will  present  a  memoir  to  him.  Immediately  fol- 
lowing the  memoir,  Mr.  Beighley  will  report  as  .subcommittee  chairman  of  Assign- 
ment 1 — Re\'ision  of  Manual.   Mr.  Beighley. 

F.  N.  Beighley:  Thank  you  Mr.  Deno.  President  Trissal,  members  of  the  Asso- 
ciation:  We  wish  to  pay  our  respect  to  the  late  George  William  Payne. 


(Scorgc  iKiUiam  Papnc 
1884=1966 

George  William  Payne,  81,  retired  senior  a.ssistant  engineer  of  the  Mi.ssouri 
Pacific  Railroad,  died  on  January  14,  1966,  at  Little  Rock,  Ark.  He  is  survived  by 
his  wife  Mahola,  a  scm  and  two  daughters.  He  was  born  November  12,  1884,  at 
Kno.xville,  Tenn.,  graduated  from  Knoxville  High  School  and  had  two  years  of 
engineering  at  the   University  of  Tennessee. 

Mr.  Payne  began  his  railroad  career  in  1901  with  the  Southern  Railway  at 
St.  Louis  as  a  chainman  and  advanced  to  assistant  engineer.  In  1906  he  went  with 
the  Missouri  Pacific  Railroad  as  levelman  and  progressed  to  the  position  of  assistant 
engineer.  In  February  1915  he  was  granted  a  furlough  to  serve  in  World  War  I 
with  the  Ganadian  Army.  After  his  discharge  George  returned  to  the  employ  of 
the  Missouri  Pacific  in  May  1919  as  instrumentman,  and  advanced  to  the  position 
of  assistant  engineer  in  the  drainage  department  of  the  maintenance  of  way  de- 
partment where  he  was  involved  in  many  flood  control  and  drainage  problems.  He 
was  promoted  to  the  position  of  senior  assistant  engineer  in  1951,  and  was  serving 
in   this   position   when   he   retired   on   October   30,    1954. 

Mr.  Payne  was  an  avid  checker  and  chess  enthusiast  and  participated  in  many 
tournaments  in  this  country  and  Ganada.  He  was  a  very  active  member  of  the 
Masonic  Lodge. 

George  Payne  joined  AREA  in  1913  and  sei"ved  on  the  drainage  subcommittee 
of  Committee  1 — Roadway  and  Ballast,  from  1938  until  his  retirement  in  1954. 
He  became  a  Life  Member  in  1948.  He  gave  generously  of  his  time  and  talents 
to  the  roadway  and  drainage  subcommittees  and  because  of  his  untiring  work  with 
the  committee  was  elected  Member  Emeritus  May  1,  1955.  During  the  past  few 
years  George  was  unable  to  attend  committee  meetings,  but  he  will  be  remembered 
as  addressing  the  chair  at  the  close  of  the  meeting,  "Mr.  Chairman,  I  move  we 
adjourn." 


Assignment  1 — Revision  of  Manual. 

Mr.  Beighley  ( continuing ) :  Your  committee  recommends  the  adoption  of  the 
revisions  to  the  Manual  set  forth  in  the  reports  of  Subcommittees  4  and  11.  These 
revisions  will  be  presented  by  the  subcommittee  chairmen. 

Assignment  2 — Physical  Properties  of  Earth  Materials. 

CHAmMAN  Deno:  M.  B.  Hansen,  area  engineer,  Canadian  National  Railways, 
is  chairman  of  this  subcommittee.  Mr.  Hansen  is  unable  to  be  here  today.  His  re- 
port will  be  presented  by  W.  P.  Eshbaugh,  retired  chief  engineer,  Genessee  & 
Wyoming  Railroad. 
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W.  P.  EsHBAUGH:  Mr.  President,  Mr.  Chairman,  members  and  guests:  The 
report  of  your  committee  on   Assignment  2  appears  in  Bulletin   605,   pages  491   to 

500  inch 

Under  this  assignment  the  committee  is  studying  the  design  of  track  with 
relation  to  different  ballast  and  subgrade  conditions.  As  a  first  step  in  this  study, 
an  annotated  bibliography  has  been  prepared  on  the  subject.  It  is  proposed  to  use 
this  information,  develop  it  and  show  the  relationship  of  the  various  factors  in 
graph  form. 

This  report  is  presented  as  information. 

Assigninent  3 — Natural  Waterways:  Prevention  of  Erosion. 

CHAraMAN  Deno:  Investigation  has  continued  on  this  assignment,  but  suffi- 
cient information  has  not  been  developed  to  report  at  tliis  time.  S.  W.  Sweet, 
engineer  of  track.  Union  Railroad,  is  chairman  of  this  subcommittee.  Mr.  Sweet, 
will  you  stand  and  be  recognized. 

Assignment  4 — Drainage  and  Culverts. 

Chairman  Deno:  W.  M.  Dowdy,  division  engineer,  Chesapeake  &  Ohio  Rail- 
way, is  chairman  of  this  subcommittee  and  will  present  his  report. 

W.  M.  Dowdy :  Mr.  President,  gentlemen:  Subcommittee  4  has  been  developing 
information  as  to  the  use  of  plastic  pipe  for  subsurface  drainage,  which  information 
will  be  published  in  the  near  future. 

Subcommittee  4  recommends  a  change  in  the  Specifications  for  Corrugated 
Metal  Pipe  for  Subdrainage,  Manual  page  1-4-11,  as  printed  in  Bulletin  605,  page 
501.  This  change  has  to  do  with  the  location  of  perforations  in  the  pipe. 

Mr.  President,  I  move  that  this  recommendation  be  approved. 

[The  motion  was  duly  seconded,  was  put  to  a  vote  and  carried.] 

Assignment  5 — Specifications  for  Pipelines  for  Conveying  Flammable  and  Non- 
flammable Substances. 

CHAraMAN  Deno:  E.  E.  Farris,  assistant  engineer,  Chicago,  Burlington  & 
Quincy  Railroad,  is  chairman  of  Subcommittee  5  and  will  present  the  report. 

E.  E.   Farris:    The   report  on  Assignment  5   printed  in   Bulletin   605  on   page 

501  is  given  as  a  progress  report. 

Your  committee  wishes  to  advise  that  the  pipeline  testing  mentioned  under 
Sec.  2  of  that  report  is  almost  completed.  The  AAR  Laboratory  is  half-way  through 
with   the  final  test  on  the   24-in-diameter  steel   pipe  with   /4-in  wall  thickness. 

Your  committee  feels  it  desirable  to  read  Sec.  3  of  the  report  to  emphasize 
the  immediate  need  to  understand  proposed  legislation  concerning  pipeline  safety 
standards: 

"3.  Your  committee  wishes  to  call  attention  to  the  growing  national  concern  for 
pipeline  safety.  The  impact  of  such  thinking  will  achieve  the  greatest  good  if  the 
railroad  industry  recognizes  its  place  in  the  picture,  and  brings  its  experience  and 
concepts  to  bear  on  the  problem  at  the  right  time,  and  the  right  place.  There  is  no 
other  industry  coming  into  contact  with  pipeline  construction  sufficiently  to  mar- 
shall  any  restraining  influence  on  pipeline  companies  in  their  drive  for  economy 
of  operation. 

"To  date  it  is  only  possible  to  protect  railroad  interests  by  establishing  specifica- 
tions and  construction  details  for  pipelines  where  such  facilities  actually  occupy 
railway  property,  either  longitudinally  or  at  locations  where  pipelines  cross  railway 
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trackage.  This  limited  iinolveiiient  in  the  eonstniction  speeifications  liy  the  raihoads 
is  not  sufficient  for  full  protection,  as  several  explosions  of  pipelines  carrying 
petroleum  products  ha\e  damaged  railroads  where  tiie  pipeline  explosions  were 
located  some  distance  from  the  railroad  right-of-way.  In  those  cases  the  pipeline 
explosions  occurred  on  the  property  of  others  where  presently  the  railroad  cannot 
control  the  construction  specifications. 

"Pipelines  are  getting  progressively  lighter  and  more  tender.  It  should  be  realized 
that  corrosion  of  high-strength  steel  reduces  strength  faster  than  corrosion  of  low- 
strength  steel,  and  the  corrosion  rate  can  he  more  rapid.  There  are  many  different 
causes  of  corrosion,  but  proponents  of  cathodic  protection  and  coatings  generally 
ignore  them.  When  explosions  cease  occurring,  it  will  be  evident  that  an  answer  has 
been  found.  Railroads  have  little  to  gain  in  accepting  ligiiter  construction  than  has 
already  proven  successful." 

Your  committee  is  watching  this  action  closely,  and  urges  each  member  to  be 
alert  in  presenting  the  railroad  side  of  issues  with  the  same  concern  that  pipeline 
companies  defend  their  stand.  It  is  requested  that  members  report  pipeline  explo- 
sions and  other  incidents  involving  imdercrossings,  with  particular  reference  to 
encasements. 

Assignment  6 — Roadway:  Formation  and  Protection. 

G.  F.  Nigh,  division  engineer,  Norfolk  &  Western  Railway  is  chairman  of  Sub- 
committee 6.  He  is  unable  to  be  here  today.  His  report  will  be  presented  by  C.  E. 
Webb,   engineer  of  tests,   Southern   Railway  System. 

C.  E.  Webb:  Mr.  President,  members  and  guests:  Under  A,ssignment  6(a), 
your  committee  presented  in  Bulletin  605,  February  1967,  on  pages  502  and  50.3, 
a  report  entitled  "Use  of  Portable  Seismic  Equipment  for  Subsurface  Exploration," 
which  was  prepared  by  the  Research  Department  of  the  AAR.  Your  subcommittee 
is  in  the  process  of  revising  Manual  material  on  Roadbed  Stabilization,  and  ex- 
pects  to  have  a  report   in   1968. 

Under  Assignment  6(b),  your  committee  recommends  that  the  assignment  on 
Slope  Protection  be  discontinued  in  view  of  the  Manual  revision  approved  in  1966. 

Under  Assignment  6(c),  your  committee  presented  in  Bulletin  605,  February 
1967,  on  pages  504  and  505,  a  report  entitled  "Salt  Stabilization  of  Subgrade," 
which  was  prepared  by  W.  P.  Eshbaugh,  retired  chief  engineer,  Genesee  & 
Wyoming  Railroad. 

Under  Assignment  6(d),  your  subcommittee  is  in  the  process  of  preparing  a 
report  on  Hydraulic  Fills  applicable  to  railroad  use,  which  is  in  line  with  practices 
of  the  Corps  of  Engineers.  Collaborating  with  Committee  25,  your  committee  ex- 
pects to  have  a  report  in  1968. 

Assignment  7 — Tunnek. 

CHAffiMAN   Deno:    Investigation  has  continued  on  Assignment  7,  but  sufficient 
information  has   not  been   developed  to   report  at  this   time.   M.   W.    Cox,   division 
engineer,  Louisville  &  Nashville  Railroad  is  the  chairman  of  this  subcommittee. 

Assignment  8 — Fences. 

Chairman  Deno:  This  subcommittee  is  reviewing  specifications  for  right-of- 
way  fencing  but  has  no  report  to  present  at  this  time.  S.  J.  Owens,  assistant  chief 
engineer-staff,  Chicago  &  North  Western  Railway  is  chairman  of  this  subcommittee. 
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Assignment  9 — Roadway  Signs. 

Chairman  Deno:  This  subcommittee  is  keeping  abreast  of  developments  relat- 
ing to  its  assignment,  but  has  no  report  to  present  at  this  time.  R.  D.  Baldwin, 
system  industrial  engineer,  maintenance  of  way,  Pennsylvania  Railroad,  is  chairman 
of  this  subcommittee. 

Assigntnent  10 — Ballast. 

CHAmMAN  Deno:  E.  L.  Robinson,  Jr.,  superintendent,  Haystack  Mountain 
Development  Company,  Atchison,  Topeka  &  Santa  Fe  Railway  is  chainnan  of  this 
subcommittee  and   will  present  the  report. 

E.  L.  Robinson,  Jr.:  Mr.  President,  members  and  guests:  In  Bulletin  605, 
February  1967,  pages  505  to  514,  inch,  your  committee  reported  on  both  present 
assignments  10(a),  Ballast  Tests,  and  10(b),  Special  Types  of  Ballast. 

Under  assignment  10(a),  Committee  1  has  been  budgeted  $9,000  for  bal- 
last specification  development.  Our  ultimate  goal  is  to  improve  ballast  per- 
fonnance  by  the  rational  selection  of  materials  from  available  sources  which 
will  produce  the  best  service  record,  and  to  subsequently  revise  the  present  AREA 
ballast  specifications. 

Rather  than  subject  different  types  of  ballast  to  laboratory  tests  only,  your 
committee  fostered  the  idea  that  destructive  tests  are  being  conducted  every  day 
on  ballast  now  in  track.  Under  the  direction  of  the  research  staff  of  the  Association 
of  American  Railroads,  ballast  samples  are  being  taken  from  track  in  a  number  of 
locations.  These  samples  will  represent  a  cross  section  of  different  ballast  materials 
now  in  use  on  various  railroads.  Track  samples  will  be  tested  in  the  laboratory  to 
examine  deterioration  after  use.  A  history  of  tlie  ballast  sample  will  be  secured 
from   the  railroad  to  include: 

a.  Type  of  material  and  original  grading. 

b.  Date  ballast  section  was  placed. 

c.  History  of  ballast  maintenance  performed. 

d.  Traffic  record. 

e.  Geographical  region  and  climate. 

f.  Other  unusual  characteristics  of  environment,  such  as:  Blow  sand  area, 
frequent  flooding,  unusual  introduction  of  foreign  elements  such  as  salt  or 
anti-freeze  material. 

g.  Otlier  general  opinions  from  the  user  relating  to  ballast  performance. 

In  addition  to  securing  a  used  sample  from  track,  an  unused  comparative  sample 
wiU  be  secured  from  the  supplier.  The  new  or  unused  samples  will  undergo  tests 
presently  required  in  "AREA  Specifications  for  Prepared  Stone,  Slag  and  Gravel 
Ballast."  In  addition,  numerous  other  tests  for  determination  of  breakdown  or 
degradation  due  to  abrasion  and  crushing  from  both  static  and  repeated  loads  and 
from  forces  of  weathering  such  as  wetting  and  drying,  freezing  and  thawing,  wiU 
be  run. 

A  comparison  of  the  used  track  sample  and  the  new  or  unused  sample,  after 
laboratory  degradation  tests,  will  be  made.  This  comparison  will  provide  your  com- 
mittee with  infomiation  to  correlate  the  actual  track  destructive  forces  with  varicms 
laboratory  destructive  tests.  Through  comparison,  your  committee  hopes  to  discover 
a  typical  laboratory  test  procedure  and  recommend  a  test  specification  which  will 
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nearly  simulate  the  (le.stiiicti\e  or  wear  aetion  of  traek  on  l)allast.  'rhrough  examina- 
tion of  various  ballast  materials,  we  also  hope  to  provide  classifieation  and  life  ex- 
pectancy of   these  various   materials. 

Under  assignment  10(b),  Special  Types  of  Ballast,  your  committee  has  pub- 
lished a  final  information  report  on  Asphalt  Treated  Ballast  and  Bridge  Decks. 
Time  will  not  permit  a  full  discussion  of  these  tests.  A  lot  of  time  and  attention  has 
been  directed  toward  asphalt  treatment  of  ballast  and  bridge  decks.  The  value  of 
this  treatment  is  dependent  upon  several  factors  and  your  committee  recommends 
that  you  carefully  review  the  final  report  ou  pages  506  to  514  in  Bulletin  605. 

Assignment  11 — Control  of  Vegetation. 

Chairman  Deno:  D.  H.  Yazell,  engineer  of  vegetation  control,  Atchison, 
Topeka  &  Santa  Fe  Railway,  is  chairman  of  Subcommittee  11  and  will  present  the 
report. 

D.  H.  Yazell:  Mr.  President,  members  and  guests:  On  November  1  and  2,  1966, 
another  Vegetation  Control  Conference  was  held  in  Chicago  vmder  the  combined 
sponsorship  of  the  Research  Department  of  the  AAR  and  your  AREA  Committee  1. 
There  were  137  registrants  split  about  equally  between  railroad  personnel  and 
suppliers  and  manufacturing  groups.  Assistance  was  received  from  four  specialists 
from  various  universities  from  the  Midwest  and  South. 

In  Bulletin  598,  February  1966,  pages  542  through  545,  your  committee  pre- 
.sented  proposed  Manual  material  entitled,  "Railroad  Vegetation  Control."  This 
material  has  been  reviewed,  revised  and  other  material  added,  and  your  committee 
presented  in  Bulletin  605,  Febniary  1967,  pages  514  to  521,  inch,  a  revised  version 
for  adoption  and  publication  in  the  Manual  as  Part  9,  Railroad  Vegetation  Control, 
Chapter  1. 

I   move  that  this  material  be  adopted. 

[The  motion  was  duly  seconded,  put  to  a  vote  and  carried.] 


Chairman  Deno:  Mr.  President,  this  concludes  the  report  of  Committee  1,  and 
also  completes  my  term  as  chairman.  I  would  like  to  thank  all  members  of  the  com- 
mittee for  the  excellent  cooperation  I  have  received.  I  especially  appreciate  the 
efforts  of  the  subcommittee  chainnen  and  tlie  AAR  research  staff  whose  contributions 
have  been  essential  in  carrying  out  committee  assignments.  The  executive  secretary 
and  his  staff  have  also  been  most  helpful  to  me.  It  has  been  a  privilege  to  serve  the 
Association  and  a  most  rewarding  experience. 

I  would  like  to  introduce  the  new  chairman  of  Committee  1,  C.  E.  Webb,  engi- 
neer of  tests,   Southern  Railway  System.   Mr.  Webb,  will  you  stand  please? 

The  new  vice  chairman  will  be  M.  B.  Hansen,  area  engineer,  Canadian  National 
Railways.   Mr.   Hansen,   as  previously  mentioned,  was  unable  to  be  witli  us  today. 

G.  F.  Nigh,  division  engineer,  Norfolk  &  Western  Railway  will  be  the  new 
secretary,  succeeding  J.  S.  Felton,  Jr.,  division  engineer,  Norfolk  &  Western  Railway. 

Thank  you,  Mr.  President. 

President  Trissal:  Thank  you,  Mr.  Deno.  We  certainly  appreciate  the  fine 
guidance  that  you  have  given  the  committee  during  the  past  three  years,  and  we 
wish  to  welcome  Mr.  Webb  as  the  new  chairman. 

Mr.  Webb,  may  I  present  to  you  this  gavel  as  a  symbol  of  your  autliority. 

The  committee  is  dismissed  with  the  thanks  of  the  Associatiou.    [Applause] 
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Discussion   on   Rail 

[For  report  see  Bulletin  605,  page  405] 

President  Trissal:  The  next  report  will  be  from  Committee  4 — Rail.  C.  E. 
Weller,  engineer  maintenance  of  way,  Illinois  Central  Railroad,  Chicago,  is  chairman. 

Mr.  Weller,  take  over  when  you  are  ready. 

CHAmMAN  C.  E.  Weller:  Mr.  President,  members  and  guests  of  the  Associa- 
tion: It  has  been  a  sad  year  for  our  committee  in  that  we  lost  one  of  our  most  active 
members,  C.  J.  Code.  A  memoir  written  by  his  friends  on  the  Pennsylvania  Railroad 
appears  with  our  report  in  Bulletin  605. 

I  should  like  to  add  that  while  the  AREA  will  miss  Mr.  Code,  I  am  sure  that 
our  committee  will  miss  him  most  of  all. 

Assignment  1 — Revision  of  Manual. 

Chairman  Weller:  Mr.  President:  Your  committee  submits  for  adoption 
changes  in  Chapter  4  of  the  Manual  to  allow  basic  oxygen  steel  to  be  used  in  the 
manufacture  of  rail,  joint  bars,  spring  washers  and  track  bolts  without  any  restric- 
tion. The  changes  have  been  approved  by  your  committee  after  studies  based  on 
laboratory  and  service  tests  which  reveal  no  difference  between  basic  oxygen  and 
open-hearth  steel  in  these  products. 

[Mr.  Weller  then  read  the  committee's  recommended  revisions  as  printed  on 
pages  408  and  409  of  Bulletin  605,  concluding  as  follows]: 

Chairman  Weller:  I  move  that  these  revisions  be  adopted. 

[The  motion  was  duly  seconded,  was  put  to  a  vote  and  carried.] 


Chairman  Weller:  I  would  like  to  introduce  to  you  the  chairmen  of  your 
subcommittees  and  ask  that  they  stand  and  be  recognized. 

Vice  chairman  and  chairman  of  Subcommittee  1 — Revision  of  Manual,  C.  C. 
Herrick,  engineer  track  maintenance — system,  New  York  Central  System. 

Chairman  of  Subcommittee  3 — Rail  Failure  Statistics,  D.  T.  Faries,  chief  engi- 
neer, Bessemer  &  Lake  Erie  Railroad.  Mr.  Faries  is  not  here. 

Chairman  of  Subcommittee  4 — Rail  End  Batter,  Causes  and  Remedies,  R.  C. 
Postels,  assistant  chief  engineer  maintenance  of  way,  Soo  Line.  Mr.  Postels  could  not 
be  with  us. 

Chairman  of  Subcommittee  6 — Joint  Bars:  Design,  Specifications,  Service  Tests, 
Including  Insulated  Joints  and  Compromise  Joints,  W.  D.  Almy,  division  engineer, 
Baltimore  &  Ohio  Railroad. 

Chairman  of  Subcommitee  7 — Metallurgical  EfFect  of  Rail  Cropping  Methods, 
V.  E.  Hall,  office  engineer,  Santa  Fe  Railway. 

Chairman  of  Subcommittee  8 — Causes  of  Shelly  Spots  and  Head  Checks  in 
Rail,  C.  F.  Parvin,  engineer  maintenance  of  way,  Pennsylvania  Railroad. 

Chairman  of  Subcommittee  9 — Standardization  of  Rail  Sections,  J.  B.  Clark, 
chief  engineer,  Louisville  &  Nashville  Railroad. 

Secretary,  C.  E.  Morgan,  superintendent  track  welding,  Chicago,  Milwaukee, 
St.  Paul  «&  Pacific  Railroad. 

Mr.   President,   this  concludes  our  report. 

President  Trissal:  Thank  you,  Mr.  Weller.  We  are  not  going  to  just  say  the 
committee  is  dismissed  with  the  thanks  of  the  Association  in  your  case.  You  heard 
the  challenge  given  by  Vice  President  M  anion  yesterday  for  the  overall  study  of  our 


Discussion  613 


track  structure  to  t;\ke  into  account  the  effects  of  the  longer  and  heavier  loads  that 
we  may  anticipate  in  the  future;  to  completely  investigate  the  economic  aspects 
of  the  whole  problem.  I  can  think  of  no  committee  in  AREA  which  is  closer  to  the 
subject  than  Committee  4. 

The  committee  is  now  dismissed  with  the  thanks  of  the  Association.  [Applause] 

Discussion    on    Waterways   and    Harbors 

[For  report  see  Bulletin  60'3,  page  189] 

President  TmssAL:  The  next  report  will  be  that  of  Conmiittee  25 — Waterways 
and  Harbors.  G.  R.  Collier,  project  engineer,  Atchison,  Topeka  and  Santa  Fe  Rail- 
road,  Topeka,   Kans.,   is   the  chairman.   Mr.   Collier,  take  o\er  when  you  are  ready. 

Assignment  2 — Current  Policies,  Practices  and  Developments  Dealing  with 
Navigation  Projects. 

CH.\mMAN'  G.  R.  Collier:  G.  E.  Anderson,  engineering  analyst  of  the  AAR 
has  taken  o\er  this  assignment  (juite  recently.  The  assignment  has  been  reworded 
to  read,  "Current  policies,  practices  and  developments  dealing  with  flood  control, 
water  conservation,   waterways  and  water  navigation  projects." 

The  committee  does  not  have  a  report  at  this  time,  but  it  is  expected  to  render 
a  progress  report  in  1968.  Mr.  Anderson  is  not  here  today. 

Assignment  3 — Bibliography  Relating  to  Benefits  and  Costs  of  Inland  Water- 
way Projects  Involving  Navigation. 

CHAm^L\N  Collier:  The  chairman  of  Subcommittee  3  is  W.  D.  Phelps,  utilities 
engineer,  Chicago,  Rock  Island  &  Pacific,  who  is  not  here  today,  either.  He  also 
accepted  this  position  very   recently  and  does  not  have  a  report. 

Assignment  6 — Planning,  construction  and  maintenance  of  rail-water  transfer 
facilities. 

CH.\iHiL\x  Collier:  The  report  on  Assignment  6  will  be  presented  by  Robert 
L.  Pettegrew,  manager  freight  transportation  planning,  the  Port  of  New  York 
Authority.  Mr.  Pettegrew. 

Robert  L.  Pettegrew:  Mr.  Chairman:  A  report  entitled  "Corrosion  of  Marine 
Steel  Piling"  was  published  in  Bulletin  603,  December  1966. 

This  report  outlines  one  phase  of  a  continuing  research  program  into  corrosion 
of  steel  piling  which  is  being  conducted  by  the  Engineering  Department  of  the  Port 
of  New  York  Authority. 

The  report  describes  in  case-history  form,  involving  a  37-year-old  sheet  steel 
piling  bulkhead  in  New  York  Harbor,  the  use  of  ultrasonic  devices  to  determine 
metal  thickness  under  water  and  thereby  the  extent  of  corrosion  of  steel  piling  sub- 
merged in  salt  water.  It  also  describes  the  statistical  techniques  utilized  to  develop 
a  sampling  plan  and  to  analyze  the  readings  which  were  taken. 

Mr.  Prasident,  this  report  is  submitted  for  information  as  part  of  Assignment  6. 


Chairman  Collier:  Mr.  President,  I  am  really  sorry  the  other  two  chairmen 
could  not  be  here  because  I  intended  to  call  your  attention  to  their  youthful  nature. 
This  youdiful  participation  is  a  guarantee  to  the  Association  as  to  the  future  effec- 
tiveness of  this  committee. 

Now  I  want  to  indulge  in  a  distinct  pleasure,  to  recognize  Gerald  VV.  Becker, 


614 Yards    and    Terminals 

principal  assistant  engineer  retired,  Chicajio,  Rock  Island  &  Pacific  Railway,  as  Mem- 
ber Emeritus  of  Committee  25.  Mr.  Becker  has  served  this  committee  since  its 
reconstruction  in  1953,  and  I  use  the  word  "serve"  in  its  broadest  connotation,  for 
his  contributions  have  been  extensive  as  to  quantity  and  excellent  as  to  quality. 
Mr.  Becker,  the  committee  is  most  pleased  to  be  able  to  recognize  you  in  this 
fashion. 

Gerald  W.   Becker:   Thank  you,   Mr.   Collier.   [Applause] 

Chairman  Collier:   Mr.  President,  that  completes  the  report  of  Committee  25. 

President  Trissal:  Thank  you,  Mr.  Collier.  I  am  particularly  pleased,  and  I 
am  sure  the  officers  of  your  Association  are  likewise,  that  you  are  bringing  some 
youth  into  the  picture.  That  is  what  we  need.  There  are  too  many  of  us  old  foggies 
around  here  anyway. 

The  committee  is  now  dismissed,  with  the  thanks  of  the  Association.  [Applause] 

Discussion    on    Yards   and   Terminals 

[For  report  see  Bulletin  602,  page   155] 

PREsmENT  Trissal:  The  next  report  will  be  that  of  Committee  14 — Yards  and 
Terminals.  The  chairman  is  H.  J.  McNally,  chief  engineer.  New  York  Improvements, 
Pennsylvania  Railroad,  New  York. 

Mr.  McNally,  take  over  when  you  are  ready. 

CHAmMAN  H.  J.  McNally:  Committee  14  has  prepared,  for  publication  in  the 
Proceedings  of  this  Convention,  a  memoir  in  honor  of  William  Hughes  Giles,  a  long- 
time member  of  the  committee,  who  died  on  January  2. 


1891=1967 

William  Hughes  Giles,  retired  assistant  chief  engineer  of  Missouri  Pacific  Rail- 
road, passed  away  at  St.  Louis,  Mo.,  on  January  2,  1967,  after  a  long  illness.  He  is 
survived  by  his  widow,  Constance  Steen  Giles,  and  two  daughters,  Mrs.  Charles  L. 
Adam  of  St.  Louis  and  Mrs.  George  S.  Sowers  of  Honolulu,  Hawaii. 

Mr.  Giles  was  bom  at  Little  Rock,  Ark.,  on  December  4,  1891,  and  received  his 
higher  education  at  Washington  University  in  St.  Louis.  He  entered  the  service  of 
the  Missouri  Pacific  in  1914  as  a  ballast  inspector  and  rodman  at  Little  Rock.  He 
was  appointed  assistant  engineer  in  1917,  engineer  of  design  in  1937  and  assistant 
chief  engineer  in  1951.  He  retired  from  the  latter  position  in  1960. 

He  joined  the  American  Railway  Engineering  Association  in  1920  and  was  an 
active  and  valued  member  of  Committee  14  for  many  years.  He  served  a  term  as 
chairman  of  this  committee  and  was  a  Member  Emeritus  at  the  time  of  his  deatli. 
He  was  a  director  of  the  AREA  from  1954  to  1956. 

Mr.  Giles  was  a  member  of  the  Engineers  Club  of  St.  Louis,  American  Society 
of  Civil  Engineers  and  other  professional  organizations.  He  was  very  active  in  the 
work  of  the  Engineers  Club  and  served  as  an  officer  of  the  club  for  several  years. 
He  was  president  of  the  club  in  1955-1956. 

Bill  Giles  was  liked  and  admired  by  all  who  knew  him  and  will  long  be  missed 
by  his  friends  everywhere,  especially  in  the  AREA  and  Committee  14. 
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Chairman-  McXally:  Committee  14 — Yards  and  Terminals,  reports  a  rather 
active  year  since  our  last  Convention.  Our  June  and  September  1966  meetings  were 
held  in  Pittsburgh,  Pa.,  and  New  York  Cit\',  respectively.  At  Pittsburgh,  incident  to 
the  meeting,  the  group  inspected  a  Model  50  retarder  installation  and  a  computerized 
master  route  control  center  on  the  Union  Railroad.  We  also  saw  some  of  the  Union 
Switch  and  Signal  Company's  recent  developments  in  the  electronic  field  pertaining 
to  classification  yards  and  watched  a  demonstration  of  their  automatic  car  identifica- 
tion system  at  their  S\\iss\ale  headquarters.  In  New  York  interesting  inspections 
were  made  of  some  of  Fairbanks  Morse's  new  electronic  scale  equipment  at  their 
Fairlawn,  N.  J.,  plant.  Other  side  trips  were  made  to  the  PennsyKania  Railroad's 
True-Train  Yard,  the  automol^ile  unloading  facilities  at  Kearney,  N.  J.,  and  the  New 
York  Port  Authority  facihties  at  Port  Newark  and  Port  Elizabeth,  N.  J.,  where  there 
are  warehouses,  docks,  and  rail  facilities  associated  with  the  loading  of  containers, 
bulk  cargo,  etc.,  to  and  from  ships. 

Dining  the  >ear  four  sul)committee  reports  were  prepared  and  they  are  shown 
in  Bulletin  602  of  No\ember  1966,  starting  on  page  155.  All  are  submitted  as  infor- 
mation with  the  recommendation   that  the  subjects  be  discontinued. 

Jack  Sutton,  project  manager  of  the  Canadian  National  Railways  was  the  sub- 
committee chairman  who  prepared  a  report  on  "Recent  Developments  in  Retarder 
Yards."  This  report  points  out  the  refinements  in  recent  years  in  design  factors  and 
control  equipment  in  retarder  yards  and  also  discusses  the  "low  cost"  retarder  yard. 

Our  subcommittee  on  Re\ision  of  Manual  was  headed  by  Fred  E.  Austerman, 
chief  engineer,  Chicago  Union  Station  Company,  until  August  of  this  year  when  he 
died.  We  do  not  recommend  any  revisions  to  the  Manual  this  year. 

WiUiam  H.  Giles,  former  assistant  chief  engineer  of  the  Missouri  Pacific  Rail- 
road, also  died  in  the  late  fall.  Bill  was  a  Member  Emeritus  on  the  Committee. 
Both  of  these  gentlemen  made  considerable  contributions  of  their  efforts  and  talents 
down  through  the  years  and  leave  vacancies  the  balance  of  us  will  be  hard  pressed 
to  fill. 

Infonnation  reports  were  also  prepared  on  the  following  subjects: 

1.  Facilities  for  repairing  and  servicing  trailers  used  in  trailer-on-flat-car 
operations.  The  subcommittee  chairman  was  R.  O.  Balsters,  assistant  engi- 
neer of  the  Atchison,  Topeka  &  Santa  Fe  Railway. 

2.  Factors  to  be  considered  in  the  design  of  industrial  parks,  with  J.  F. 
Chandler,  assistant  engineer  of  construction  of  tlie  Seaboard  Air  Line  Rail- 
road  as  subcommittee  chairman. 

3.  Factors  to  be  considered  in  determining  the  relative  merits  of  various 
types  of  yards.  This  subcommittee  had  B.  E.  Buterbaugh,  principal  engi- 
neer of  the  St.  Louis-San  Francisco  Railway,  as  chairman. 

Our  Subcommittee  on  Scales  Used  in  Railway  Service  under  the  able  leadership 
of  W.  P.  Buchanan,  supervisor  of  scale  inspectors  and  erectors  of  the  Pennsylvania 
Railroad,  has  not  prepared  a  written  report  during  the  past  year.  However,  I  can 
say  they  have  worked  hard,  spending  considerable  time  and  effort  handling  extra- 
curricular items,  such  as  attempting  to  change  the  rules  used  in  the  weighing  of 
railroad  cars  which  exceed  tlie  length  of  the  scale  and  those  whose  weight  is  greater 
than  the  scale's  capacity.  Another  problem  developed  when  the  U.  S.  Bureau  of 
Standards  advised  they  would  discontinue  the  testing  and  inspection  of  the  19  master 
scales  spotted  around  the  country  for  budget  reasons.  If  this  is  followed  through, 
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Texans  with  their  "biggest"  slogans  could  have  a  2,000-lb  ton  bigger  than  anyone 
else.  With  the  excess  length  and  weight  problems  we  get  involved  with,  it  sometimes 
seems  that  the  man  cUrecting  the  operations  over  the  scale  has  to  know  the  weight 
of  the  car  before  it  is  weighed  to  insure  safe  handling.  [Laughter]  I  believe  you  will 
agree  this  type  of  subject  can  get  interesting. 

Another  scale  subject  involves  the  weighing  of  railroad  cars  in  motion.  During 
the  year  there  was  further  field  testing.  Considerable  data  have  been  collected  dur- 
ing the  last  few  years  which  has  not  yet  been  published.  A  bit  of  controversy  exists 
between  some  of  our  friends  in  the  manufacturing  industry  and  our  scale  group 
incident  to  how  this  material  should  be  published.  The  handling  of  this  problem  is 
a  lot  like  the  Vietnam  situation  in  that  there  is  considerable  conversation  among  our- 
selves and  not  with  each  other.  One  of  the  basic  principles  for  the  existence  of  our 
Association  tends  to  be  violated  by  ourselves,  and  the  manufacturer's  "halo"  can 
only  become  dimmer  by  this  lack  of  action.  I  most  sincerely  hope  this  argument 
can  be  resolved  this  coming  year  so  that  those  of  the  Association  who  would  benefit 
from  the  data  collected  can  have  that  information  available  in  published  form. 

Now,  Mr.  President,  that  concludes  the  report  of  Committee  14  for  the  year. 
With  your  permission  we  will  proceed  with  our  Special  Feature. 

Piggyback  Operations  Using  the  "Strad-L-Port"  Crane 

Chairman  McNally:  We  find  it  necessary  to  make  a  change  in  the  program. 
It  had  been  expected  that  E.  J.  Brown,  assistant  vice  president — operations  of  the 
Burlington  Lines  and  a  past  president  of  this  Association,  would  be  standing  at  this 
podium  at  the  moment.  We  found  he  could  not  carry  through  on  this  assignment. 
You  will  miss  his  charm,  his  wit,  and  most  of  all  his  outstanding  ability  to  expound 
on  a  subject  such  as  "Piggyback  Operations  Using  the  'Strad-L-Port'  Crane."  As 
chairman  of  Committee  14  I  almost  had  the  pleasure  of  introducing  him,  and  I 
would  like  the  record  to  say  to  him,  thank  you,  and  then  as  Joey  Bishop,  the 
comedian,  says,  "Well,  son  of  a  gun."  [Laughter] 

Piggyback  operations  or,  more  officially,  the  handing  of  trailers  on  flat  cars,  as 
we  all  know,  has  had  an  outstanding  growth  during  the  past  15  years.  All  of  us  who 
have  had  anything  to  do  with  the  design  of  facilities  required  for  this  operation 
know  there  has  been  constant  head-scratching  to  improve  flexibility,  handle  increased 
business,  and  reduce  the  time  consumed  per  unit  loaded  or  unloaded.  All  of  us  are, 
of  course,  interested  in  cost  reduction. 

The  movie  we  are  about  to  see  of  the  Burlington  Railroad's  new  piggyback 
facilities  at  Cicero,  111.,  shows  one  of  the  steps  they  took  to  meet  those  four  criteria. 
The  'leading  man'  in  this  picture  is  the  'Strad-L-Port'  crane.  The  use  of  this  piece 
of  equipment  employs  the  side-loading  theory  in  the  handling  of  trailers  and  greatly 
improves  the  flexibility  in  the  loading  and  unloading  process.  There  are  similar 
cranes  to  this  used  elsewhere  around  the  country,  some  mounted  on  rubber  tires 
and  some  on  wide-gage  rails. 

There  has  been  a  continuous  evolution  of  ideas  necessary  to  further  integrate 
the  handling  of  the  trailers  and  the  rail  equipment  which  carries  trailers  with  other 
railroad  business.  The  use  of  other  new  ideas,  refinements  of  ideas  presently  in  use, 
and  the  continuous  enlargement  of  TOFC  facilities  will  be  necessary  in  the  future 
to  cope  with  the  problems  of  growth  in  this  phase  of  railroad  business. 
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This  integration  procrss,  in  particular,  must  continue.  1  Iuim-  watched,  with  inter- 
est, the  ideas  employed  to  luring  this  about.  To  reflect  for  a  minute,  let  me  talk 
ai)out  the  Kearny,  N.  J.,  True-Train  installation  of  the  PennsyKania  Railroad. 

This  installation  was  originally  made  when  it  became  evident  large  blocks  of 
cars  and  solid  trains  carrying  trailers  would  have  to  be  handled.  At  first  we  thought 
there  might  be  as  many  as  500  trailers  a  day  handled  at  that  facility.  Circus-type 
loading  only,  using  permanent  ramps  was  employed  at  the  start.  Now,  in  addition 
to  this  t>'pe  of  handling,  side-loading  cranes  are  used,  and  the  overall  operation  has 
spread  to  an  area  fi\'e  times  as  large  as  was  originally  assigned.  On  many  days  more 
than  500  trailers  are  handled.  More  and  more  it  is  evident  that  further  .steps  must 
be   taken  to  improve  flexibility  and  efficiency. 

The  men  at  the  piggyback  yards  call  the  machines,  such  as  the  Strad-L-Port, 
the  monsters.  Apparently  out  at  Cicero  they  call  this  Strad-L-Port,  "Daddy  Long 
Legs."  I  am  sure,  one  of  these  days,  all  of  us  will  be  using  the  supermonster  oper- 
ating over  many  tracks,  turning  the  trailers  and  setting  them  in  parking  lots  perpen- 
dicular to  the  tracks,  and  with  those  tracks  being  part  of  the  receiving  yard  in  one 
of  the  new  classification  complexes  of  the  future. 

The  movie  was  prepared  by  the  Burlington  Railroad  in  conjunction  with  the 
Quinn  Equipment  Company,  representatives  of  the  R.  G.  LeTourneau  Company. 
It  is  a  colored  film  and  will  be  accompanied  by  a  tape  recording.  We  hope  the 
timing  is  right.  The  film  covers  the  design  of  the  TOFC  facilities,  tlie  important 
features  of  the  Strad-L-Port  crane  used,  and  scenes  of  typical  loading  and  unloading 
facilities  of  both  trailers  and  24-ft  containers.  If  there  are  any  questions  regarding 
this  operation  after  the  movie  is  finished,  representatives  of  both  the  Burlington  and 
the  Quinn  Equipment  Company  are  present  and  will  field  your  questions. 

Incidentally,  if  anyone  is  interested  in  showing  the  movie,  I  know  that  can  be 
arranged,  too. 

Now  we  are  ready. 

[At  this  time  the  film  was  shown,  after  which  Chairman  McNally  spoke  as 
follows :  ] 

CHAmMAN  McNally:  I  think  all  of  you  agree  that  the  movie  is  as  good  as  a 
field  trip,  and  I  would  like  to  say  "thank  you"  to  the  Burlington  group  and  to  the 
Quinn  Equipment  Company  for  putting  it  together. 

Now  if  there  isn't  anything  else  for  the  committee,  we  have  completed  our 
program. 

Presdent  Trissal:  Thank  you,  Mr.  McNally.  I  am  sure  if  the  movie  didn't  do 
anything  else,  it  certainly  is  going  to  prompt  a  lot  of  questions  by  chief  engineers 
as  to  what  a  series  field  is,  a  compound  field,  and  some  of  those  other  electrical 
terms  I  haven't  heard  in  25  years. 

The   committee  is  dismissed  with  thanks  of  the  Association.   [Applause] 


Discussion  on   Contract  Forms 

[For  report  see  Bulletin  602,  page  169] 

President  Trissal:  The  next  report  will  be  that  of  Committee  20 — Contract 
Forms.  J.  L.  Perrier,  acting  assistant  chief  engineer — construction,  Chicago  &  North 
Western  Railway,  Chicago,  is  chairman.  Mr.  Perrier,  will  you  come  to  the  plat- 
form and  take  over  when  you  are  ready. 


618  Contract    Forms 


Chairman  J.  L.  Perkier :  Mr.  President,  members  of  the  Association  and  guests: 
This  committee  was  orij^inally  given  eight  assignments  and  one  additional  assignment 
was  later  approved  liy  the  Board  of  Direction.  Our  detailed  report  has  been  pub- 
lished in  Bulletin  602,  Proceedings  Volume  68,  dated  November  1:966. 

Assignment  1 — Revision  of  Manual. 

Chairman  Perrier:  Subcommittee  Chairman  Ken  Silvey,  area  engineer  of  the 
Pennsyhania  Railroad  advises  that  they  have  no  Manual  recommendations  to  make 
at  this  time. 

Assignment  2 — Form  of  Agreement  to  Cover  Butt  Welding  of  Rail. 

Chairman  Perrier:  Report  on  Assignment  2  will  be  made  by  the  subcommittee 
chairman,  E.  A.  Graham,  chief  engineer  of  the  Colorado  &  Southern  Railway.  Mr. 
Graham. 

E.  A.  Graham:  Mr.  President,  members  and  guests:  In  preparing  our  report 
we  collaborated  with  Committee  31.  The  original  assignment  was  to  develop  a  form 
of  agreement  to  cover  welding  of  rail  and  the  report  on  that  assignment  was  pub- 
lished in  Bulletin  595,  November  1965,  Vol.  67,  pages  148  to  152,  inch,  with  a 
request  for  comments  or  criticisms.  Our  collaborators  suggested  that  the  assignment 
be  changed  to  cover  butt  welding  of  rail.  This  was  done  and  the  revisions  are  printed 
in  Bulletin  No.  602. 

Your  committee  recommends  that  the  report  as  revised  be  accepted  as  Manual 
material  and  printed  in  Chapter  20,  Part  7,  and  I  so  move. 

[The  motion  was  duly  seconded,  put  to  a  vote  and  carried.] 

Assignment  3 — Form  of  Agreement  for  Handling  Truck  Trailers  and  Containers 
at  Terminals. 

Chairman  Perrier:  Assignment  3  has  to  do  with  developing  a  form  of  agree- 
ment for  handling  truck  trailers  and  containers  at  terminals.  The  chairman,  J.  D. 
Taylor,  assistant  to  vice  president.  Great  Northern  Railway,  and  his  subcommittee 
have  completed  their  report,  but  unfortunately  not  in  time  to  get  final  consideration 
by  the  full  committee.  This  subcommittee  has  done  a  very-  good  job  on  a  difficult 
assignment  and  will  present  a  report  at  the  first  opportimity.  Thank  you,  Mr.  Taylor. 
Will  you  kindly  stand  and  be  recognized. 

Assignment  4 — Form  of  Blanket  Agreement  Covering  Utility  Crossings. 

Chairman  Perrier:  Assignment  4  has  to  do  with  a  form  of  agreement  covering 
utility  crossing.  The  report  on  this  assignment  will  be  made  by  E.  M.  Hastings,  Jr., 
assistant  utilities  engineer,  C&O-B&O  Railroad. 

E.  M.  Hastings,  Jr.:  Your  committee  prepared  a  draft  of  agreement  on  this 
assignment  and  same  is  printed  in  Bulletin  602,  pages  171  to  175,  incl.  We  invite 
your  comments  and  critcisms.  It  is  proposed  to  continue  this  assignment. 

Assignment  5 — Form  of  License  for  Entry  on  Railway  Company  Property. 

Chairman  Perrier:  Subcommittee  Chairman  Ralph  Correll,  office  engineer, 
Santa  Fe  Railway,  will  make  the  report  on  Assignment  5. 

R.  F.  Correll:  Mr.  President,  members  and  guests:  Last  year  your  committee 
submitted  a  progress  report  on  this  assignment  which  was  published  in  Bulletin  595, 
November  1965,  Vol.  67,  pages  153  to  155,  incl.  It  is  recommended  that  the  report 
with  a  minor  editorial  correction  be  accepted  as  Manual  material  and  be  printed  in 
the  Manual  in  Chapter  20,  Part  5,  and  I  so  move. 

[The  motion  was  duly  seconded,  was  put  a  vote  and  carried.] 
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Assignment  6 — Form  of  Agreement  to  Cover  Installation  of  Vending  Machines 
on  Railway  Property. 

Chairman  Pekrier:  Assignment  6  is  a  form  of  agreement  to  eover  installation 
of  vending  machines  on  railway  property.  The  subcommittee  chairman,  W.  B.  Titts- 
wortli,  Jr.,  office  engineer  of  tlie  Western  Maryland  Railway,  is  confined  in  a  hos- 
pital and  the  report  will  be  submitted  by  W.  F.  Burt,  special  engineer,  Illinois  Cen- 
tral, who  is  also  the  secretary  of  tiiis  committee. 

W.  F.  Burt:  Mr.  President,  members  and  guests:  Your  committee  has  made  a 
progress  report  on  this  assignment  and  same  was  published  in  Bulletin  595,  Novem- 
ber 1965,  Vol.  67,  pages  155  to  159,  inch,  with  the  request  that  the  Association 
give  us  tlie  benefit  of  its  comments  or  criticisms.  We  now  recommend  that  the 
report  with  the  two  minor  revisions  pul^lished  in  Bulletin  603,  page  175,  he  accepted 
as  Manual  material  and  be  printed  in  Chapter  20,  Part  5  of  the  Manual  and  I 
so  move. 

[The  motiou  was  duly  seconded,  was  put  to  a  \'ote  and  carried.] 

Assignment   7 — Bibliography  on   Subjects  Pertaining  to  Contract  Forms, 
CHAmMAN  Perrier:   The  chairman  of  Subcommittee  7  is  C.  W.  Colborg,  engi- 
neer of  contracts  and   right-of-way,   Denver  &  Rio   Grande  Western   Railroad.   The 
report   of  the  committee  has  been   published  on   page   176  of  Bulletin  602,   and   is 
submitted  as  information. 

Assignment  8 — Form  of  Agreement  to  Cover  Lease  of  Railway  Company 
Machinery,  Tools  and  Materials  to  Other  Than  Railway  Companies. 

CHAIR^L\^'  Perrier:  The  report  on  Assignment  8  will  be  made  by  P.  J.  Free- 
man, supervisor  of  contracts  of  the  Detroit,  Toledo  and  Ironton  Railway,  chairman 
of  the  subcommittee. 

P.  J.  FiiEEMAN:  A  form  of  agreement  on  this  assignment  was  prepared  last  year 
and  pubhshed  in  Bulletin  595,  November  1965,  Vol.  67,  pages  160  to  162,  inch  The 
report  was  submitted  as  information  with  an  invitation  to  the  Association  for  com- 
ments and  criticisms.  The  report  as  originally  printed  requires  two  editorial  correc- 
tions uhich  are  noted  on  page  176  of  Bulletin  602.  Your  committee  now  recom- 
mends tliat  the  report,  as  revised,  be  accepted  as  Manual  material  and  printed  in 
Chapter  20,  Part  7  of  the  Manual,  and  I  so  move. 

[The  motion  was  duly  seconded,  was  put  to  a  vote  and  carried.] 

Assignment  9 — Form  of  Agreement  to  Cover  Experimental  Demonstration  of 
Equipment  and  Materials  on  Railway  Company  Property. 

Ch.\irman  Perrier:  The  report  on  Assignment  9  will  be  made  by  the  chair- 
man of  the  subcommittee,  C.  G.  Nelson,  assistant  engineer,  Santa  Fe  Railway. 

C.  G.  Nelson:  Mr.  President,  members  and  guests:  Last  summer  it  was  called 
to  our  attention  that  the  Manual  did  not  include  an  agreement  of  this  nature.  Your 
committee  asked  for  and  received  approval  to  proceed  with  a  study  and  prepare  a 
report.  The  report  is  published  in  detail  in  Bulletin  602,  November  1966,  Vol.  67, 
pages  177  to  180,  inch,  and  is  submitted  as  information  with  a  request  for  your 
comments  and  criticisms.  The  assignment  will  be  continued. 


Chairman  Perrier:  Mr.  President,  this  concludes  the  report  of  the  committee. 
This  is  also  my  final  report  as  committee  chairman.  It  has  been  an  honor  and 
pleasure  to  serve  the  Association  and  I  wish  to  extend  my  gratitude  to  the  members 


620 Cooperative    Relations    with    Universities 

of  the  committee.  E.  A.  Graham,  who  was  introduced  earUer,  becomes  the  new  vice 
chairman.  J.  T.  Evans,  assistant  manager,  special  ser\'ices,  Pennsylvania  Railroad 
will  be  the  new  chaimian. 

President  Trissal:  Thank  you,  Mr.  Perrier,  for  the  fine  work  you  have  done 
over  your  tenure  of  office  of  three  years.  It  is  a  very  difficult  committee  and  one  in 
which  you  really  have  to  work  hard  to  get  things  done.  I  am  sure  that  Mr.  Evans 
will  carry  on  in  the  good  way  you  have. 

Congratulations,   Mr.   Evans,  and  here  is  a  symbol   of  your  authority. 

J.  T.  Evans:  Thank  you,  Mr.  President.  Members  and  guests:  I  sincerely  hope 
that  under  my  direction  the  committee  will  be  able  to  carry  on  in  the  next  three 
years  in  much  the  same  fashion  as  it  has  in  the  past  three  years.  I  think  Mr.  Perrier 
is  entitled  to   congratulations  for  doing  a  real  fine  job.  Thank  you.   [Applause] 

President  Trissal:  The  committee  is  dismissed  with  the  thanks  of  the 
Association. 

Discussion  on  Cooperative  Relations  with  Universities 

[For  report  see  Bulletin  603,  page  263] 

PREsmENT  Trissal:  The  next  committee  to  report  is  Committee  24 — Coopera- 
tive Relations  with  Universities.  The  chairman  of  that  committee  is  R.  H.  Beeder, 
chief  engineer  system,  Atchison,  Topeka  &  Santa  Fe  Railway,  Chicago.  Mr.  Beeder 
is  a  past  president  of  the  AREA. 

Mr.  Beeder,  will  you  take  over  and  call  your  committee  to  the  platform. 

Chairman  R.  H.  Beeder:  Mr.  President,  members  and  guests:  The  report  of 
the  activities  of  Committee  24  for  1966  is  contained  in  Bulletin  603  on  pages  263 
to  274,  incl.  In  addition  to  the  normal  assignment  to  all  of  our  technical  committees, 
which  is  carried  under  the  designation  of  "Recommendation  for  Further  Study  and 
Research,"  your  Committee  on  Cooperative  Relations  with  Universities  is  currently 
working  on  seven  subjects.  We  will  report  on  three  of  these  seven  assignments  today. 

In  addition  to  these  assignments,  we  endeavor  to  keep  abreast  of  the  activities 
of  the  American  Society  for  Engineering  Education  and  have  representation  at  their 
annual  meeting  when  that  is  possible.  The  1966  annual  meeting  of  the  American 
Society  for  Engineering  Education  was  held  on  the  campus  of  Washington  State 
University  at  Pullman,  Wash.,  and  your  committee  was  unable  to  furnish  direct 
representation.  Several  thousand  people  from  education,  government  and  industry 
attend  these  annual  meetings  of  ASEE.  The  problems  discussed  involve  all  aspects 
of  engineering  education  and  in  the  portion  of  the  program  sponsored  by  the  Rela- 
tions with  Industry  Division  of  the  Society,  we  have  found  much  of  value  to  the 
railways  and  their  associated  industries. 

The  next  annual  meeting  of  the  ASEE  will  be  held  on  the  campus  of  the 
Michigan  State  University  at  East  Lansing,  Mich.,  from  June  19  to  June  22,  1967. 

Assignment  J — Stimulate  Greater  Appreciation  on  the  Part  of  Railway  Maw 
agements  of  (a)  the  Importance  of  Bringing  into  the  Service  selected  Graduates 
of  Colleges  and  Universities,  and  (b)  the  Necessity  of  Providing  Adequate  means 
for  Recruiting  Such  Graduates  and  of  Retaining  Them  in  the  Service. 

Chairman  Beeder:  Assignment  1  is  under  the  direction  of  Alton  V.  Johnston, 
chief  engineer,  Canadian  National  Railways,  Montreal,  and  I  would  like  to  have  Mr. 
Johnston  stand  and  be  recognized. 
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Assignment  2 — Stimulate  Among  College  and  University  Students  a  Greater 
Interest  in  the  Science  of  Transportation  and  its  Importance  in  the  National  Eco- 
nomic Structure  by  (a)  Cooperating  with  and  Contributing  to  the  Activities  of 
Student  Organizations  in  Colleges  and  Universities,  and  (b)  Presenting  to  Students 
and  their  Counselors  a  Positive  Approach  to  the  Advantages  of  Choosing  Railroad- 
ing as  a  Career. 

Chairman  Beedeu:  Assignment  2  is  nnder  the  direction  of  Processor  B.  B. 
Lewis,  professor  of  railway  engineering  at  Purdue  University,  who  will  present 
that  report. 

Professor  B.  B.  Lewis:  Mr.  President,  members  and  guests:  Your  committee, 
with  the  cooperation  of  the  railroad  industry,  members  and  officers,  has  continued 
furnishing  speakers  to  student  organizations  at  \arious  uni\er.sities.  During  the  past 
year,  talks  were  given  at  24  universities. 

Inspections  by  students  were  made  of  railroad  property. 

The  railroad  industry  provided  e.vhibits  for  Open  Houses  or  Career  Days  at 
imixersities. 

The  Pictorial  Railroad  Exhibit,  prepared  through  the  efforts  of  the  e.xecutive 
secretar%''s  office,  was  displayed  at  several  different  uni\ersities.  Mr.  Hodgkins  adxised 
that  they  have  not  been  able  to  fill  all  of  the  requests  for  the  exhibit. 

There  were  47  student  affiliates  at  29  different  colleges  and  universities.  To 
date,  there  have  been  a  total  of  180  student  affiliates  on  49  different  campuses. 

On  behalf  of  Subcommittee  2,  I  wish  to  thank  the  members  of  the  railway 
industry  and  members  and  officers  of  the  Association  for  their  assistance  in  tliis 
program. 


Professor  Lewis  ( continuing ) :  This  concludes  my  chairmanship  of  this  sub- 
committee, and  I  want  to  say  that  I  appreciate  \'ery  much  the  opportimity  to  have 
worked  for  this  organization. 

Professor  of  structures  of  Purdue,  Dr.  Ralph  H.  Lee  has  been  selected  to  replace 
me.  In  addition  to  being  professor  of  stnictures.  Dr.  Lee  is  faculty  adviser  to  the 
student  chapter  of  ASCE,  and  he  is  also  facility  adviser  to  Chi  Epsilon,  the  Honorary 
Civil  Engineering  Society.  I  am  sure  that  he  will  do  an  excellent  job  in  this  position. 

Dr.  Lee,  will  you  stand  and  be  recognized.  Thank  you  very  much. 

Chairman  Beeder:  Thank  you.  Professor  Lewis,  for  your  perfectly  splendid 
service  through  the  years,  and  we  welcome  Dr.  Lee. 

President  Trissal:  If  I  might,  Mr.  Chairman,  I  would  like  to  add  my  personal 
thanks  for  the  job  that  Professor  Lewds  has  done,  and  I  am  sure  that  you  will  get 
equally  good  effort  from  Professor  Lee. 

Assignment  3 — The  Cooperative  System  of  Education,  Including  Summer 
Employment  in  Railway  Service. 

CHAmMAN  Beeder:  The  report  on  Assignment  3  will  be  presented  by  Professor 
W.  A.  Oliver,  professor  of  civil  engineering  of  the  University  of  Illinois  at  LTrbana. 

Professor  W.  A.  Oliver:  President  Trissal,  Mr.  Beeder  and  members  of  the 
Association:  The  1966  report  on  Assignment  3  can  be  foimd  in  Bulletin  603,  Decem- 
ber 1966,  pages  267-268. 

Since  1959  the  committee  has  sent  a  brief  but  formal  questionnaire  to  the  chief 
engineering  and  maintenance  officers  of  the  railroads  of  the  United  States  and 
Canada  in  early  spring,  requesting  infomiation  about  their  employment  requirements 
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for  the  cominji  summer,  a.s  well  as  infomiation  about  their  program  for  the  pre- 
ceding one.  Since  the  committee  has  changed  the  procedures  to  be  followed  from 
year  to  year  only  in  minor  details,  you  can  see,  Mr.  President,  that  it  has  become 
difficult  to  add  anytliing  new  or  startling  to  this  annual  statement. 

But  a  brief  statement  of  the  program  of  the  summer  of  1966  is  no  doubt  in 
order.  While  the  number  of  questionnaires  returned  in  1966  was  smaller  than  the 
number  returned  in  1965,  the  number  of  railroads  offering  summer  employment 
increased.  This  may  have  been  at  least  partially  due  to  the  greatly  increased  demand 
for  young  engineers  on  tlie  part  of  industry.  The  nimiber  reported  as  employed  dur- 
ing the  summer  of  1965  and  the  number  permanently  employed  are  considered  to 
be  only  an  indication  of  the  total  which  could  have  been  reported.  In  1965  there 
were  a  total  of  49  questionnaires  returned  by  the  railroads.  You  understand,  of 
course,  that  some  125  of  these  questionnaires  are  sent  out  to  the  major  railroads  of 
the  United  States  from  Mr.  Hodgkins'  office.  The  returned  questionnaires  reported 
that  they  had  employed  in  1965  some  449  young  engineers.  The  number  reported 
permanently  was  some  70.  I  know  that  the  results  we  obtain  from  the  questionnaire 
represent  only  a  small  part  of  the  total  number  that  have  received  summer 
employment. 

We  have  never  been  satisfied  with  the  total  return  of  the  questionnaire  even 
though  it  has  been  sufficient  to  warrant  the  continuation  of  the  project  from  year 
to  year.  In  an  attempt  to  increase  the  number  of  returns,  this  year  we  are  adding 
the  railroad  personnel  officers  to  our  mailing  list.  We  are  also  including  a  request 
urging  the  return  of  the  questionnaire  even  though  the  railroad  in  question  has  no 
intention  of  offering  employment  to  engineering  students  through  this  Committee 
24  project.  I  should  state  here  that  the  engineering  colleges  are  always  interested 
in  this  summer  employment  program.  This  is  indicated  by  the  number  of  inquiries 
concerning  its  continuation  which  are  received  annually. 

The  questionnaire  covering  this  year's  program  will  l^e  mailed  from  Mr.  Hodg- 
kins' office  within  the  ne.xt  week  or  ten  days. 

Committee  24,  as  usual,  requests  again  the  continuing  encouragement  and  sup- 
port by  tlie  railroads  of  the  work  of  Assignment  3. 

This  concludes  the  report  of  the  Assignment  3,  Mr.  President. 

Chairman  Beeder:  Thank  you.  Bill.  Although  that  report  may  seem  somewhat 
routine,  it  really  is  one  of  the  great  avenues  of  securing  engineering  department 
employes  from  our  universities  and  colleges  and  does  a  great  deal  of  good. 

Assignment  5 — Ways  in  which  Railroads  can  Cooperate  with  Universities  in 
Developing  Research,  Including  the  Revising  of  "Suggested  Topics  for  Theses  on 
Railroad  Subjects." 

Chairman  Beeder:  Assignment  5  is  being  handled  by  Harold  E.  Hurst,  divi- 
sion engineer  of  the  Milwaukee  Road,  Milwaukee,  Wis.  Will  you  please  stand 
and  be  recognized,  Harold.  Thank  you. 

Assignment  6 — Procedures  for  Orienting  and  Developing  Newly  Employed 
Engineering  Personnel. 

Chairman  Beeder:  Assignment  6  is  being  progressed  under  W.  T.  Hammond, 
engineer  of  standards  of  the  Pennsylvania  Railroad  who  was  unable  to  be  here  today. 
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Assignment  7 — Stimulate  on  Interest  by  College  and  University  Staff  Members 
in  Current  Railroad  Problems  and  Practices,  Including  AREA  Membership. 

Chaibnl^x  Beeder:  Assignment  7  is  being  carried  on  under  the  super\ision  of 
Profes^;or  \'ince  Rogge\een  of  Stanford,  wlio  also  was  unal)le  to  he  liere  today. 

Assignment  8 — Current  Changes-  in  Engineering  Edneation  and  tlieir  Implica- 
tions  Regarding   Employment   of   Future   Graduates   by   the   Railroad   Industry. 

Chairman  Beeder:  Assignment  8  will  be  presented  by  J.  F.  Da\ison,  assistant 
to  chief  engineer,  Canadian  National  Railways,  Montreal.  I  hope  some  day  to  be  able 
to  say  Montreal  like  Alton  Johnston   does.   [Laughter] 

J.  F.  D.A.VISOX:  Mr.  President,  members  and  guests:  Assignment  8  is:  "Current 
changes  in  engineering  education  and  their  implications  regarding  employment  of 
future  graduates  b\-  the  railroad  industry." 

The  current  report  deals  with  the  changes  which  are  occuiTing  in  engineering 
education  and  the  present  status  of  these  changes. 

Before  commenting  on  the  report  on  this  assignment,  I  should  point  out  that 
this  is  a  broad  field  in  which  there  is  a  great  deal  of  acti\-ity.  The  implementation 
of  tlie  changes  mentioned  in  the  report  w  ill  vary  from  one  location  to  another,  but 
your  committee  has  tried  to  highlight  those  factors  which  indicate  trends  of 
importance  to  railroads. 

The  engineering  curriculum  has  always  been  subject  to  change  as  technical 
knowledge  expands,  the  general  trend  being  to  transfer  the  less  demanding  activities 
to  the  engineering  technician  so  that  the  engineer  has  time  to  concentrate  on  new 
and  more  demanding  actixities.  The  growth  of  both  basic  and  applied  research  since 
World  War  II  has  accelerated  the  growdi  of  engineering  technology  and  as  a  result 
engineering  educators  are  continually  forced  to  update  their  curriculum.  Your  com- 
mittee's report  indicates  that  the  effort  to  retain  a  four-year  program  for  a  Bachelor's 
degree  in  the  face  of  this  ever-expanding  volume  of  knowledge  has  resulted  in  the 
raising  of  entrance  requirements,  and  the  dropping  of  some  traditional  subjects 
from  the  curriculum.  The  full  impact  of  changes  in  high  school  is  yet  to  be  felt 
but  the  raising  of  college  entrance  requirements  has  forced  a  greater  emphasis  on 
madiematics  and  basic  science,  with  the  period  of  greatest  change  occurring  in  the 
early  ".sixties.  While  the  rate  of  change  in  entrance  requirements  has  slackened,  it  is 
by  no  means  static  and  at  the  same  time  courses  such  as  surveying,  engineering 
drawing,  etc.,  have  largely  disappeared  from  the  undergraduate  curriculum. 

Engineering  education  has  a  historv'  of  self-appraisal  and  evaluation,  the  latest 
being  a  preliminary  report  on  the  "Goals  of  Engineering  Education."  This  report 
was  presented,  but  not  accepted,  at  the  1966  Annual  Meeting  of  ASEE  and  a  revised 
report  is  to  be  presented  to  the  1967  Annual  Meeting  in  June.  The  first  recommen- 
dation of  this  report  is  one  which  has  been  heard  with  increasing  frequency  in  recent 
years,  and  seems  to  be  gaining  support,  naniclx ,  that  tlie  first  professional  degree  in 
engineering  should  be  the  Master  degree  awarded  upon  completion  of  at  lea.st  five 
jears  of  study. 

Your  committees  report  highlights  some  of  the  problems  faced  by  engineering 
educators  when  planning  a  curricidum.  Different  industries  have  widely  differing 
needs — some  preferring  engineers  with  a  general  background  who  are  production 
oriented,  while  others  look  for  engineers  interested  in  design  or  research  problems. 
Most  industries,  with  the  exception  of  utilities  and  research  and  development  indus- 
tries, look  for  some  degree  of  specialization  but  this  varies  considerably,   with  the 
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construction  industry  expecting  the  most.  Somehow  the  engineering  educator  must 
weigh  all  these  varying  needs,  and  at  the  same  time  take  care  of  changing  tech- 
nology, all  within  a  more  or  less  standard  curriculum. 

Your  committee's  report  also  comments  on  the  trend  in  graduate  education. 
If  present  trends  continue,  in  10  year's  time  some  60  percent  of  all  engineers  will 
undertake  graduate  study,  primarily  to  Master  level.  Wtih  only  minor  exceptions, 
industry  expects  an  increasing  demand  for  engineers  with  Master's  degree  but  at  the 
same  time  many  express  the  opinion  diat  a  Bachelor  degree  is  sufficient.  This 
apparent  contradiction  seems  to  result  from  the  expectation  that  short  courses  and 
other  fomis  of  continuing  education  are  sufficient  for  keeping  up  to  date,  and  many 
prefer  this  method  to  formal  courses  of  graduate  study. 

These  changes,  some  already  in  effect  and  some  still  anticipated,  are  bound  to 
have  some  impact  on  the  use  of  engineers  by  railroads  and  also  upon  the  attrac- 
tiveness of  the  industry  to  future  engineering  graduates.  This  will  be  the  subject  of 
future  studies. 

The  report  is  presented  as  information. 

CHAraMAN  Beeder:   Thank  you,  Mr.  Davison,  for  a  very  fine  report. 

Committee  4  has  lost  one  of  its  retired  members,  W.  S.  Gates,  Jr.,  retired 
assistant  to  auditor — valuation,  of  the  Chicago  &  Illinois  Midland  Railway.  After 
retirement  he  had  been  serving  as  comptroller  and  business  manager  of  Eastern 
Christian  College  at  Bel  Air,  Md.  A  memoir  will  be  published  in  the  Proceedings 
issue  of  the  Bulletin. 


1899=1966 

William  S.  Gates,  Jr.,  retired  assistant  to  auditor-valuation,  Chicago  &  Illinois 
Midland  Railway,  died  on  August  7,  1966.  He  is  survived  by  his  widow,  Christine, 
three  sons  and  four  grandchildren. 

Mr.  Gates  was  born  in  Chicago  on  February  9,  1899,  and  received  his  educa- 
tion at  the  University  of  Illinois.  He  entered  railway  employ  with  the  Santa  Fe  Rail- 
way, serving  in  the  Mechanical,  Engineering  and  Signal  Departments  at  various 
locations  until  being  appointed  computer  in  the  System  Valuation  Department  in 
Chicago.  From  this  position  he  moved  to  the  Chicago  &  Illinois  Midland  Railway  at 
Springfield,  111.,  where  he  advanced  from  junior  valuation  clerk  to  chief  valuation 
accountant  and  then  to  the  position  of  assistant  to  auditor-  valuation,  which  he  held 
at  the  time  of  his  retirement  from  railway  service  on  March  1,  1964.  He  was  then 
appointed  comptroller  and  business  manager  at  Eastern  Christian  College  in  Bel  Air, 
Md.,  a  small  Bible  College  which  he  faithfully  served  until  his  death. 

Mr.  Gates  joined  the  American  Railway  Engineering  Association  in  1950  and 
served  continuously  as  a  member  of  Committee  11 — Engineering  and  Valuation 
Records  from  that  time.  He  became  a  member  of  Committee  24 — Cooperative  Rela- 
tions With  Universities,  in  1963  and  because  of  an  abiding  interest  in  education 
served  on  Subcommittee  2  whose  assignment  is  to  stimulate  a  greater  interest  in 
the  science  of  transportation  among  college  and  university  students,  and  Subcom- 
mittee 8  which  is  concerned  with  current  changes  in  engineering  education  as  it 
affects  the  railroad  industry. 
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Chairman  Beeder:   Mr.  President,  this  conclndes  the  report  of  Committee  24. 

President  Trissal:  Thank  you,  Mr.  Beeder.  We  cannot  overemphasize  the 
importance  of  Committee  24's  activities.  We  all  know  the  problems  we  are  havinji 
with  our  recruitment  programs.  I  trtist  that  you  will  carry  on  tlie  ko«<^1  work  you 
have  been  doing  in  the  past. 

The  conmiittee  is  dismissed  with  the  thanks  of  the  Association.  [Applause] 


Discussion  on   Clearances 

[For  report  .see  Bulletin  603,  page  199] 

President  Trissal:  The  next  report,  gentlemen,  is  that  of  Committee  28 — 
Clearances.  The  chairman  of  thus  committee  is  J.  A.  Crawford,  assistant  office  engi- 
neer,  Chesapeake  &  Ohio  Railway-Baltimore  &  Ohio  Railroad,  Huntington,   W.  Va. 

Mr.  Crawford,  will  you  please  have  your  committee  come  to  the  platfonn  and 
take  over  when  you  are  ready. 

Chairman  J.  A.  Crawford:  Mr.  President,  members  of  the  Association  and 
guests:  The  report  of  your  committee  was  published  in  the  Association's  Bulletin 
603,  December  1966,  page  199  through  201. 

Your  committee  now  presents  a  brief  report  on  all  six  of  its  assignments.  This 
report  reflects  their  current  status,  including  the  work  done  since  the  submission  of 
the  report  published  in  the  Bulletin.  In  the  interest  of  conserving  time,  I  will  give 
the  report  on   all  assignments. 

When  I  mention  the  name  of  each  subcommittee  chairman,  I  would  like  for 
him,  if  present,  to  stand  for  a  brief  moment. 

Assignment  1 — Revision  of  Manual, 

Chairman  Crawford:  Parts  1  and  2  of  Chapter  28  of  the  Manual  are  being 
reviewed.  There  have  been  some  changes  proposed  in  both  parts  so  as  to  update 
them,  especially  because  of  the  larger  size  of  cars  which  are  now  in  use.  Some  of  the 
changes  recommended  will  require  the  approval  of  other  AREA  committees.  The 
proposed  recommendations   will  be  sent  to  these   committees   for  their  concurrence. 

Part  3  of  Chapter  28  includes  the  equipment  diagrams  of  the  Mechanical  Divi- 
sion of  the  AAR.  Their  Committee  on  Freight  and  Passenger  Car  Construction  has 
notified  us  of  an  editorial  correction  they  are  making  to  Plates  B  and  C.  This  will 
require  corresponding  changes  in  Part  3  of  Chapter  28. 

S.  M.  Dahl,  assistant  engineer,  Chicago,  Milwaukee,  St.  Paul  &  Pacific  Rail- 
road, Chicago,  is  chairman  of  this  subcommittee. 

Assignment  2 — Compilation  of  the  Railroad  Clearance  Requirements  of  the 
Various  States. 

Chairman  Crawford:  The  chart  showing  this  information  was  last  publi.shed 
in  Bulletin  561,  December  1960.  This  chart  has  now  been  revised  to  show  the 
changes  which  have  occurred  since  then,  and  it  is  presently  being  circulated  for  final 
check  as  to  correctness.  It  is  expected  that  this  chart  will  be  published  in  the  com- 
mittee report  for  this  year. 

R.  D.  Erhardt,  junior  engineer,  Gulf,  Mobile  &  Ohio,  Mobile,  Ala.,  is  chairman 
of  this  sulx^ommittee. 

Assignment  3 — New  Methods  and  Electronic  Devices  for  Recording  Measure- 
ments of  Clearances  of  Structures  along  Right-of-Way  and  Overall  Dimensions  of 
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Cars  and  Loads  in  Yards  and  at  Interchange  Points,  Looking  to  Possible  Use  of  a 
Computer  Program   for  Routing  High-and-Wide  Loads. 

Chairman  Crawford:  The  development  of  electronic  devices  for  recording 
clearance  measurements  of  fixed  obstructions  was  reported  on  in  Bulletin  582, 
December  1963,  pages  341  and  342. 

It  had  been  hoped  that  a  small  appropriation  would  be  made  in  the  1967 
Engineering  Division  budget  for  investigation  of  the  possible  use  of  some  type  of 
electronic  device  for  measuring  the  overall  dimensions  of  cars  and  loads.  Unfor- 
tunately, this  request  was  one  of  those  that  was  deleted  because  of  budget 
limitations. 

Our  committee  is  not  qualified  to  develop  a  computer  program  for  clearances. 
We  are,  however,  trying  to  ascertain  what  the  various  railroads  are  doing  in  this 
field.  Unfortunately,  information  about  this  is  not  readily  available  at  the  present 
time.  Hopefully,  as  more  roads  put  their  clearances  on  computers  and  the  informa- 
tion regarding  the  various  programs  is  divulged,  our  committee,  working  with  the 
Special  Committee  on  Systems  Engineering,  might  be  in  a  position  to  make  an 
informative  report  on  this  subject  with  tlie  possibility  of  some  recommended  practice 
being  put  forward  for  consideration. 

F.  B.  Persels,  office  engineer,  Missouri  Pacific  Railroad,  St.  Louis,  Mo.,  is  chair- 
man of  this  subcommittee. 

Assignment  4 — A  Study  of  the  Restrictions  that  the  Clearance  Personnel  in 
the  Engineering  Departments  of  the  Various  Railroads  Furnish  Their  Transporta- 
tion and/or  Operating  Departments  for  the  Handling  of  Loads  of  Excessive  Sizes 
and  Weights. 

Chairman  Crawford:  The  questionnaire  referred  to  in  our  published  report 
is  being  mailed.  When  the  answers  are  received,  the  information  obtained  will  be 
analyzed  and  consolidated  into  a  report. 

G.  P.  Huhlein,  assistant  engineer,  Louisville  &  Nashville  Railroad,  Louisville, 
Ky.,  is  chairman  of  this  subcommittee. 

Assignment  5 — Clearance  Allowances  to  Provide  for  Vertical  and  Horizontal 
Movements  of  Equipment  Due  to  Lateral  Play,  Wear  and  Spring  Deflection. 

Chairman  Crawford:  The  high-cube  box  car  test  data  are  still  not  available, 
but  will  possibly  be  released  this  year.  The  AAR  Joint  Committee  on  Relation  Be- 
tween Track  and  Equipment  has  an  appropriation  in  the  1967  research  budget  for 
additional  tests  on  cars,  particularly  long  cars.  The  results  of  these  tests  will  be  of 
interest  to  Committee  28  in  connection  with  our  assignment. 

E.  E.  Mills,  draftsman,  Pennsylvania  Railroad,  Chicago,  is  chairman  of  this 
subcommittee.  Mr.  Mills  is  retiring  in  a  few  months.  I  want  to  thank  him  on  behalf 
of  the  committee  for  his  service  as  chairman  of  this  subcommittee.  More  especially, 
this  committee  expresses  its  appreciation  to  him  for  his  long  and  faithful  committee 
activity.  To  the  best  of  my  knowledge,  he  has  only  missed  one  committee  meeting, 
and  then  he  was  sick,  in  the  nearly  15  years  that  he  has  been  on  this  committee. 

Assignment  6 — Feasibility  of  Formulating  a  More  Complete  Method,  for  Use 
of  Transportation  Departments,  in  Reporting  Loads  of  Excessive  Dimensions  to 
Minimize  Necessity  for  Requesting  Additional  Information. 

Chairman  Crawford:  The  changes  suggested  by  the  Committee  on  Loading 
Rules  of  the  Mechanical  Division,  in  our  proposed  instructions  and  procedures  are 
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now  being  completed.  The  revised  instructions  and  procedures  will  be  sent  to  the 
executive  secretar>'  in  the  \ery  near  future  for  final  review  and  approval  by  the 
Mechanical  Di\ision.  It  is  hoped  that  their  concurrence  will  be  received  in  time  to 
permit  publication  of  the  instructions  in  our  conunittee  report  for  tliis  year. 

J.  E.  Beran,  chief  draftsman,  Chicago,  Burlington  &  Quincy  Railroad,  Ciiicago, 
is  chainnan  of  this  subcommittee. 

In  addition  to  the  above  assignments,  there  is  one  other  matter  which  involves 
this  committee:  The  Committee  on  Loading  Rules,  Mechanical  Division,  AAR,  has 
proposed  the  extension  of  Tables  1  and  2,  General  Rule  16,  Section  1,  AAR  Loading 
Rules,  to  include  cars  up  to  90  ft  in  length. 

Committee  28  will  collaborate  with  the  Committee  on  Loading  Rules  in  con- 
nection with  this  matter. 


CHAmMAK  Craa\'F()ro:  Next  I  ask  the  \'ice  chainnan  of  Committee  28,  M.  E. 
X'osseller,  senior  draftsman.  Central  Railroad  of  New  Jersey,  Jersey  City,  N.  J., 
to  rise. 

Finally,  I  would  like  to  ask  our  secretary,  R.  L.  Williams,  office  manager.  Engi- 
neering Department,  Illinois  Central  RaUroad,  Chicago,  to  stand  up  for  a  moment. 

Mr.   President,  this  concludes  the  report  of  Committee  28 — Clearances. 

President  Trissal:  Thank  you  very  much,  Mr.  Crawford.  Your  committee  like- 
wise will  be  ver>'  much  involved  in  the  overall  study  that  Vice  President  Manion 
mentioned  in  his  Keynote  Address  of  yesterday,  and  I  am  sure  that  the  incoming 
Board  of  Direction  will  give  due  cognizance  of  this  in  your  committee  assignments. 

Your   committee    is   dismissed   with   the    thanks    of   the   Association.    [Applause] 


Discussion  on  Track 

[For  report  see  Bulletin  605,  page  355] 

President  Trissal:  The  next  to  the  last  technical  report  of  the  1967  Conven- 
tion will  be  presented  by  Committee  5 — Track,  the  chairman  of  which  is  C.  E. 
Peterson,    assistant   engineer,    Atchison,   Topeka   &    Santa    Fe    Railway,    Chicago,    III. 

Chairman  Peterson  will  you  bring  your  committee  to  the  platform  and  take  over. 

Chairman  C.  E.  Peterson:  Mr.  President,  members  of  the  AREA  and  guests: 
The  report  of  the  track  committee  will  be  found  in  Bulletin  605,  February  1967, 
which  covers  our  nine  assignments. 

To  conserve  time  I  will  call  only  upon  the  subcommittee  chairmen  whose  sub- 
committees are  able  to  report  on  their  assignments.  However,  because  I  do  not  call 
upon  all  of  the  subcommittee  chainnen  does  not  mean  that  they  have  not  worked. 
All  of  them  have  carried  out  their  responsibilities. 

Assignment  1 — Revision  of  Manual. 

Chairman  Peterson:  The  report  on  Assignment  1  will  be  presented  by  C.  D. 
Davis,  engineer  of  track.  Long  Island  Railroad.  Mr.  Davis. 

C.  D.  Davis:  Mr.  President,  your  committee  submits  a  revision  of  Paragraph  1 
of  "Temperature  Expansion  for  Laying  Rails,"  page  5-5-4.3  of  the  Manual,  with 
the  recommendation  that  it  be  adopted  to  bring  this  paragraph  into  accord  with  the 
instructions  on  page  5-5-2  of  the  Specification  for  Laying  Rail. 
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[Mr.  Davis  then  read  the  revised  Paragraph  1  as  printed  on  page  358  of  Bul- 
letin 605,   concluding  as  follows:] 

Mr.  Davis:  I  make  a  motion  that  the  recommended  revision  be  accepted  as 
submitted. 

[The  motion  was  duly  seconded,  was  put  to  a  vote  and  carried.] 

Assignment  2 — Track  Tools. 

Chairman  Peterson:  Unfortunately,  T.  L.  Biggar,  general  supervisor  of  track, 
Chesapeake  &  Ohio  Railway,  cbainiian  of  Subcommittee  2,  could  not  be  present  due 
to  illness  in  the  family,  so  S.  H.  Poore,  office  engineer  of  the  Chesapeake  &  Ohio 
Railway  will  present  this  report. 

S.  H.  Poore:  For  several  years  suppliers  have  been  furnishing  the  36-in  spike 
maul  and  sledge  hammer  handles  with  a  4-in  eye  instead  of  the  5-in  and  5/2-in  eye 
as  required  by  AREA  Plan  25-62.  Your  committee  has  made  a  thorough  study  of 
this  matter  and  now  recommends  the  deletion  of  Plan  25-62,  Track  Tool  Handles, 
from  the  Manual  and  the  adoption  in  its  stead  of  Plan  25-67,  Track  Tool  Handles. 
This  plan  provides  for  one  36-in  handle  with  4-in  eye  for  use  with  both  the  spike 
maul  and  the  sledge  hammer. 

Mr.  President,  I  move  that  the  revised  plan  be  adopted  as  Manual  material. 

[The  motion  was  duly  seconded,  was  put  to  a  vote  and  carried.] 

Assignment  3 — Standardization  of  Trackwork  Plans. 

Chairman  Peterson:  The  report  on  Assignment  3  will  be  presented  by  Sub- 
committee Chairman  C.  J.  McConaughy,  track  designer.  Southern  Pacific  Company. 

C.  J.  McConaughy:  Mr.  President  and  gentlemen:  Bulletin  605  of  February 
1967,  page  7,  covers  Subcommittee  3's  report,  which  I  assume  you  have  read. 

Our  investigation  on  the  revisions  to  Article  14 — Bolts  and  Nuts,  of  Appendix 
A,  Section  1402  (b).  Threads,  in  the  Portfolio  of  Trackwork  Plans  has  not  yet  been 
adopted  by  the  American  Standards  Association,  which  is  now  called  United  States 
of  America  Standards  Institute  (USASI).  This  investigation  has  brought  to  light 
other  details  in  Article  14  that  should  be  revised.  This  committee  will  progress 
these  details  and  will  present  our  findings  for  your  consideration. 

Our  study  of  bridge  expansion  joints  is  being  progressed;  however,  the  AAR 
Research  Center  will  submit  a  preliminary  report  at  our  next  Track  Committee 
meeting. 

Our  recommendation  on  the  use  of  the  various  types  of  frogs  was  adopted  in 
March  1966,  and  we  are  working  on  the  recommended  use  of  the  various  types  of 
track  crossings.  We  hope  that  your  representatives  on  our  Track  Committee  will 
present  some  of  your  railroads'  views  on  this  matter  at  our  next  committee  meeting. 

The  design  of  railbound  manganese  frogs,  being  discussed  for  the  purpose  of 
finding  means  to  extend  their  service  life,  has  resulted  in  a  new  assignment,  "Re- 
evaluate Explosion  Hardening  of  Manganese  Frogs."  Explosion  hardening  is  being 
applied  to  track  crossings  and  frogs  of  various  railroads  and  the  results  to  date  have 
been  satisfactory. 

We  have  also  been  assigned  for  investigation,  "Review  of  Guard  Rail  Design 
for  the  Higher  Speeds,  Longer  Turnouts  and  Longer  Cars."  I  assume  that  the  lengths 
of  guard  rails  vary  greatly  among  the  railroads.  However,  the  taper  approach  is 
generally  too  small  for  the  higher  speeds.  We  hope  that  your  representative  of  this 
committee  will  have  some  suggestions  for  our  next  meeting. 
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This  committee  met  on  March  8  to  review  the  subject  of  derailments  at  spring- 
rail  frogs  referred  to  us  by  Mr.  Manion,  vice  president,  Operations  and  Maintenance, 
of  the  AAR.  Based  upon  the  developments  at  this  meeting  we  will  forward  our 
comments  to  the  executive  secretary  for  review. 

The  Wheel  and  Axle  Committee  of  the  AAR  Mechanical  Division  has  approved 
turning  wide-flange  wheels  to  the  narrow  flange  without  remounting,  which  reduces 
the  distance  gage-to-gage  of  wheels.  Tliis  change  could  be  detrimental  to  the  track 
structure,  particularly  our  frogs,  guard  rails  and  track  crossings  where  we  have  a 
fixed  flangeway. 

Mr.  president,   this  completes  the  report  of  Subcommittee  3. 

Assignment  6 — Hold-down  Fastenings  for  Tie  Plates. 

CHAmMAN  Peterson:  The  report  on  Assignment  6  will  be  presented  by  Sub- 
committee Chairman  E.  C.  Honath,  division  engineer,  Atchison,  Topeka  &  Santa  Fe 
Railway. 

E.  C.  Honath :  Mr.  President,  members  and  guests:  Your  committee  submits 
a  final  report  as  information  covering  sen'ice  tests  on  hold-down  fastenings  and 
tie  pads  on  the  Louisville  &  Nashville  Railroad  north  of  London,  Ky.,  which  began 
in  1947  under  the  sponsorship  of  this  committee,  which  is  printed  in  Bulletin  605, 
pages  363  through  365. 

The  infomiation  gathered  from  this  extended  service  test  is  covered  in  greater 
detail  in  Engineering  Research  Division,  Association  of  American  Railroads  Research 
Center  Report  No.  ER-54  for  those  who  have  need  for  the  detailed  information. 
The  information  developed  in  this  service  test  and  related  laboratory  investigations 
at  the  AAR  Research  Center  should  certainly  be  helpful  in  considering  material  and 
maintenance  problems  and  their  future  handling. 

Although  the  details  of  this  report  would  be  too  numerous  for  discussion  here, 
it  is  considered  that  the  general  conclusions  are  worthy  of  mention: 

1.  Hold-down  fastenings  with  the  best  performance  relative  to  tie  wear  are 
superior  in  holding  gage. 

2.  Special  fastenings  involving  the  use  of  bolts,  washers  and  clips  require 
more  maintenance  to  keep  them  eff^ective  than  more  simple  fastenings 
such  as  lock  spike.s  or  studs. 

3.  Tie  plates  with  diamond  bottoms  have  some  usefulness  in  holding  gage 
on  curves,  but  have  no  such  benefit  on  tangent  and  do  not  materially 
decrease  plate  cutting. 

4.  It  is  difficult  to  establish  a  superiority'  of  14-in  plates  over  13-in  plates 
insofar  as  plate  cutting  i.s  concerned,  but  the  14-in  plates  have  done  a 
better  job  in  holding  gage. 

5.  Tie  pads  have  protected  the  ties  from  plate  cutting,  but  only  in  the  pine 
ties  have  they  shown  any  results  to  indicate  that  an  increase  in  tie  life 
might  be  expected   from   their  use. 

6.  Tie  pads  appear  to  have  little  eftect  on  gage  in  tangent  track,  but  have  a 
tendency  to  contribute  to  gage  widening  on  curves. 

7.  To  be  most  effective,  tie  pads  should  be  coated  on  the  bottom  with  a  coat- 
ing which  will  also  adhere  to  the  wood  and  provide  a  seal  against  water 
and  sand  or  other  abrasive  material  for  a  substantial  period  of  time. 

8.  A  tie  pad  should  be  not  less  than  A -in  thick  and  of  such  material  that  it 
will  withstand  a  static  tensile  test  of  1250-lb  longitudinally  and  500-lb 
transversely. 
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9.  The  tie-wear  testing;  machines  in  the  AAR  Engineering  Laboratory  pro- 
vide results  comparable  to  service  testing  and  will  permit  evaluation  of 
hold-down  fastenings  and  tie  pads  on  an  accelerated  basis. 

The  Association  is  indebted  to  the  L&N  for  its  initial  efforts  and  extended 
cooperation  in  carrying  out  these  tests.  We  would  like  to  also  recognize  the  efforts 
of  the  AAR  Research  Department  and  express  appreciation  to  the  several  suppliers 
for  their  aid. 

This  concludes  the  report  of  your  committee. 

Assignment  9 — Special  Requirements  of  Track  Construction  and  Maintenance 
Due  to  Operation  of  Equipment  with  High  Center  of  Gravity  and/or  Hydraulically 
Cushioned  Underframes. 

Chairman  Peterson:  The  report  on  Assignment  9  will  be  presented  by  Sub- 
committee Chairman  L.  W.  Green,  engineer  of  track,  Pennsylvania  Railroad. 

L.  W.  Green:  Mr.  President,  members  of  the  AREA  and  guests:  The  assign- 
ment on  which  your  Sulicommittee  9  is  reporting  at  this  Convention  covers  "Special 
requirements  of  track  construction  and  maintenance  due  to  operation  of  equipment 
with  high  centers  of  gravity. 

As  noted  in  the  report  printed  in  Bulletin  605,  page  365,  there  has  been 
approved  for  the  AAR  Research  Center  for  the  year  1967,  $10,500  for  research 
work  on  this  subject.  It  is  further  noted  that  Chainnan  Crawford  of  Committee  28 
says  that  some  of  the  results  of  the  tests  on  high-cube  box  cars  with  high  center 
of  gravity  has  not  yet  been  released.  Since  this  is  the  case  and  the  time  when  this 
research  work  will  be  completed  is  indefinite,  and  as  noted  in  the  report  on  page 
365  of  the  above-mentioned  Bulletin,  we  have  proposed  certain  revisions  in  the 
Manual  which  are  covered  in  this  report  only  as  information.  However,  it  being 
understood  that  this  material  in  all  probability  will  be  presented  to  the  Convention 
in  1968  for  adoption  in  the  Manual,  your  subcommittee  chairman  will  be  glad  to 
have  any  discussion  from  the  floor  at  this  time. 

President  Trissal:  You  have  heard  the  invitation,  gentlemen.  It  would  be 
most  helpful  if  we   could  have  some  comments.  This   is  most  important. 

L.  W.  Green:  In  computing  the  figures  given  in  our  report,  we  had  to  use 
more  or  less  an  empirical  figure  for  the  offset  of  the  center  of  gravity  due  to  play 
at  the  track  center  and  roll  angle  due  to  spring  deflection.  This  is  the  information 
which  we  hope  will  be  forthcoming  from  the  test  of  high-cube  box  cars  and  other 
cars  with  high  center  of  gravity. 

This  concludes  the  report  of  this  subcommittee. 

Chairman  Peterson:  It  is  with  deep  regret  and  sorrow  that  we,  the  members 
of  Committee  5 — Track,  record  the  passing  of  three  of  our  faithful  members, 
namely,  E.  W.  Caruthers,  Member  Emeritus,  retired  assistant  engineer,  Pennsylvania 
Railroad;  Allan  E.  Haywood,  retired  assistant  engineer  maintenance  of  way.  Grand 
Trunk  Western  Railroad;  and  Milton  J.  Hassan,  vice  president  in  charge  of  engi- 
neering.  Weir   Kilby   Corporation,   Taylor-Wharton    Company. 

Appropriate  memoirs  for  these  members  are  recorded  on  pages  356  to  358, 
inch,  of  Bulletin  605. 

I  want  to  thank  all  the  subcommittee  chairmen  and  members  who  have  faith- 
fully worked  to  carry  on  this  committee's  assignments. 

This  concludes  the  report  of  Committee  5 — Track. 

President  Trissal:  Thank  you  very  much,  Mr.  Peterson. 
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Before  we  turn  \ou  loose,  ho\ve\er,  I  can't  help  but  remark  that  you  are  going 
to  be  vitally  invoked  in  the  charge  gi\en  by  Vice  President  Manion  in  studying 
the  overall  situation  of  car  length,  weight  and  what-have-you  in  operating  the  rail- 
roads of  the  future,  so  you  can  get  ready  for  some  new  assignments. 

Your   committee   is   dismissed   with   the   thanks    of   the   Association.    [Applause] 


Discussion  on   Continuous  Welded   Rail 

[For  report  see  Bulletin  605,  page  367] 

President  Trissal:  The  final  report  at  this  Convention  aptly  will  be  given  by 
our  last  standing  committee,  namely,  Committee  31 — Continuous  Welded  Rail.  The 
charman  of  tliis  committee  is  C.  W.  W'agner,  engineer  of  tests,  Canadian  National 
Railways,    Montreal,   Canada. 

Mr.  \\'agner,  I  will  be  pleased  if  you  would  bring  your  committee  to  the  plat- 
fonn  and  take  over  when  you  are  ready. 

Chairman  C.  W.  Wagner:  Mr.  President,  members  and  guests:  The  assign- 
ments of  Committee  31 — Continuous  Welded  Rail,  are  shown  on  pages  367  and 
368  of  Bulletin  605.  Your  committee  reports  on  Assignments  1  to  4,  inch 

Assignment  1 — Fabrication. 

Ch.\irman  Wagner:  A.  H.  Galbraith,  welding  engineer,  Santa  Fe  Railway, 
will  present  the  report  on  Assignment  1 — Fabrication.  Mr.  Galbraith. 

A.  H.  Galbraith:  Mr.  President,  members  and  guests:  Your  committee  presents 
its  report  on  Assignment  1  in  five  parts  as  printed  in  Bulletin  605,  Vol.  68.  Part  2 
is  a  report  on  an  AAR  investigation  of  service  and  detected  butt-welded  rail  joint 
failures.  Part  3  presents  the  results  of  rolling-load  and  slow-bend  tests  of  butt- 
welded  rail  joints  carried  out  at  the  AAR  Research  Center.  Part  4  presents  statistics 
on  butt-weld  failures.  Part  5  presents  a  description  of  two  European  and  two  domes- 
tic thermite  rail  welding  processes. 

Part  1  is  a  revised  set  of  specifications  for  fabrication  of  continuous  welded  rail 
which  have  been  approved  by  letter  ballot  by  two-thirds  of  the  qualified  voting 
membership  of  Committee  31  for  adoption  and  publication  in  Chapter  4,  Part  2,  of 
the  Manual  immediately  following  the  existing  specifications  for  steel  rails.  (Inci- 
dentially,  it  should  be  pointed  out  here  that  a  pubhcation  error  omitted  a  figure 
similar  to  Fig.   1  which  showed  an  elevation  of  rail  with  an  upswept  end. ) 

Mr.  President,  1  mo\e  that  these  specifications  shown  in  Bulletin  605,  pages  369, 
370,  371,  and  372  modified  with  the  proper  figure  showing  elexation  of  rail  with 
upswept  end  be  adopted  and  published  in  the  Manual  as  reconmiended  by  your 
committee. 

[The  motion  was  duly  seconded,  was  put  to  a  vote  and  carried.] 

Assignment  2 — Laying. 

Chairman  Wagner:  The  report  on  Assignment  2 — Laying,  will  be  presented 
by  E.  Eskengren,  process  engineer,  Frisco  Railway.  Mr.  Eskengren  is  representing 
O.  E.  Fort,  chief  engineer,  Frisco  Railway,  chainnan  of  Subcommittee  2,  who  could 
not  be  present  today. 

E.  Eskengren:  Mr.  President,  members,  and  guests:  The  report  on  Assignment 
2  is  contained  on  pages  399  and  400  of  Bulletin  605  of  Februar>'  1967.  In  addition 
to  the  usual  tabulation  of  continuous  welded  rail  laid  in  the  past  various  years,  a 
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separation  has  been  made  between  new  and  secondhand  and  main  track  and  side 
track  for  continuous  welded  rail  in  1966.  I  might  add  that  in  the  future  it  has  been 
agreed  that  we  would  include  the  total  number  of  track  miles  of  rail,  new  and 
secondhand,  laid  each  year. 

Mr.  President,  the  Committee  on  Continuous  Welded  Rail,  after  having  given 
the  matter  considerable  stvidy  and  thought  during  the  past  year,  has  developed 
some  recommended  practices  for  laying  continuous  welded  rail  where  new  track  is 
constructed  and  now  submits  these  lecommendations  for  adoption  and  publication 
in  the  Manual  as  Appendix  I  of  the  existing  Specifications  for  Track  Construction, 
Part  4,  Chapter  5,  of  the  Manual. 

Mr.  President,  I  move  that  these  recommended  practices  as  published  in  the 
AREA  Bulletin  605  be  adopted  and  included  in  the  Manual. 

[The  motion  was  duly  seconded,  was  put  to  a  vote  and  carried.] 

Assignment  3 — Fastenings. 

Chairman  Wagner:  R.  E.  Frame,  assistant  chief  engineer,  Southern  Pacific 
Company,  will  present  his  subcommittee  report  on  fastenings.  Mr.  Frame. 

R.  E.  Frame:  Mr.  President,  members  and  guests:  Your  committee  canvassed 
member  roads  regarding  the  use  of  epoxy  at  rail  joints.  All  the  roads  reporting 
which  have  had  experience  with  epoxy  glued  joints  stated  that  they  had  failures 
and  unsatisfactory  results  when  used  with  conventional  angle  bars.  Our  study  did 
not  include  insulated  joints.  As  a  result  of  the  study,  your  committee  does  not  rec- 
ommend the  use  of  epoxy  glued  joints  with  continuous  welded  rail.  A  more  detailed 
report  is  in  Bulletin  605,  pages  401  and  402. 

Your  committee  is  attempting  to  design  and  recommend  minimum  anchor  pat- 
terns for  continuous  welded  rail  based  on  information  about  the  forces  present  in 
the  rail.  This  information  is  being  developed  by  the  AAR  Research  Department. 
We  should  have  a  report  on  this  in  the  near  future. 

Assignment  4 — Maintenance, 

Chairman  Wagner:  The  report  on  Assignment  4 — Maintenance,  will  be  given 
by  J.  R.   Rymer,  division  engineer,  Baltimore  &  Ohio  Railroad. 

J.  R.  Rymer:  Mr.  President,  members,  and  guests:  The  report  of  your  commit- 
tee on  Assignment  4  appears  in  Bulletin  605  of  February  1967.  The  report  is  titled, 
"Adjusting  Continuous  Welded  Rail."  It  outlines  the  method  to  be  used  in  deter- 
mining the  amount  of  adjustment  required  for  continuous  welded  rail  laid  outside 
the  regional  mean  temperature  range. 

This  is  a  final  report  and  is  presented  as  information. 


Chairman  Wagner:  Committee  31  is  indebted  to  Northern  Pacific  Railway  for 
providing  us  with  our  special  feature. 

I  have  asked  D.  H.  Shoemaker,  chief  engineer  of  the  Northern  Pacific  to  intro- 
duce our  special  feature,  a  film  entitled  "Granite  Metamorphosed. " 

Mr.  Shoemaker  is  well  qualified  to  speak  for  the  Northern  Pacific  having 
worked  for  this  company  since  1929  except  for  a  span  of  four  years  when  he  was  a 
construction  contractor.  Mr.  Shoemaker  has  worked  his  way  up  through  the  engi- 
neering department  and  in  1962  he  was  appointed  chief  engineer.  He  is  a  profes- 
sional engineer,  a  member  of  Committee  4,  and  a  director  of  the  AREA. 

I  am  most  pleased  to  introduce  Mr.  Shoemaker. 
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Granite  Metamorphosed 

By   D.    H.    SHOEMAKER 
Chief   Engineer,    Northern    Pacific    Railway 

Tliank  you  Mr.  Wagner.  Mr.  President,  the  remarks  I  am  going  to  make  will 
he  rather  limited.  I  think  the  film  will  speak  for  itself.  We  are  quite  proud  of  this 
film  because  it  is  a  home-movie-type  film.  We  did  it  all  ourselves.  I  mean,  the 
engineering  department.  We  talked  one  of  our  local  radio  announcers  into  doing 
the  narrative,  so  we  can't  claim  credit  for  that,  but  we  did  write  it,  and  we  got  the 
narrative  for  nothing.   [Laughter] 

And  when  Mr.  Wagner  asked  if  we  wanted  to  show  the  film,  we  said,  "We 
would.  \\'e  would  be  very  happy  to."  It  is  only  the  latter  part  of  the  film,  however, 
that  deals  with  continuous  welded  rail. 

I  am  ad  libbing  right  now  because  I  am  leading  up  to  a  question  a  couple  of 
chief  engineers  have  asked  me:  What  is  "Granite  Metamorphosed?"  I  said,  "We 
have  an  educated  Norwegian  on  the  NP,  and  he  dreamed  up  this  title."  It  doesn't 
mean  a  thing.  [Laughter]  It  doesn't  mean  any  different  kind  of  granite  other  than 
just  granite.  The  "metamorphosed"  come.s  from  the  fact  that  in  Granite  County  in 
the  Panhandle  of  Idaho  we  eliminated  the  granite  timnel.  We  eliminated  the  granite 
\iaduct  which  was  a  big  one.  We  eliminated  the  siding  of  Granite.  So  that  is  why 
the  term  was  chosen.  So  as  you  look  at  the  film,  if  you  try  to  see  anything  difi^erent 
in  this   granite,   you   won't.  It  is  just  pure,   broken-up   granite.   [Laughter] 

Rex  Manion,  in  his  keynote  address,  said  that  we  should  as  engineers,  be 
looking  for  ways  to  improve  our  competitive  position. 

Now  this  line  change  is  the  type  of  thing  that  we  all  should  be  looking  for. 
We  have  known  about  its  possibilities  for  many,  many  years.  We  cut  off  1.8  miles 
of  our  railroad.  We  are  124  miles  longer  than  the  Great  Northern.  We  are  128 
miles  longer  tlian  the  Milwaukee.  We  on  the  Northern  Pacific,  have  to  do  things 
better  than  our  competitors  because  we  have  a  harder,  more  expensive  railroad 
to  operate. 

Well  anyway,  this  particular  line  change  was  thought  of  way  back  in  the  early 
Nineteen  Hundred's.  Our  files  were  full.  But  it  was  said,  "It's  all  solid  granite.  We 
can't  do  it."  Well,  we  decided  to  look  into  it  further  and  we  decided  we  could  do  it. 

The  job  really  was  very  simple.  It  is  one  great,  big  cut,  about  3  million  yards, 
and  one  great,  big  fill;  it  is  one  of  those  types  of  jobs  that  an  earth-moving  con- 
tractor would  dream  of. 

The  track  construction  was  all  done  with  railroad  forces.  Steve  Barlow  [system 
engineer  of  track]  was  the  author  of  the  construction  systems  as  far  as  we  were 
concerned,  but  we  plagiarized.  We  stole  them  from  the  Illinois  Central.  [Laughter] 
I  think  we  improved  on  them,  but  the  thing  to  remember  is  that  we  laid  welded 
rail  on  a  brand-new  fill,  a  brand-new  cut,  a  brand-new  line  change,  and  within 
three  days  we  were  operating  at  full  speed.  We  kept  the  speed  down  to  50  mph 
for  three  days,  but  that  is  the  usual  thing  you  like  to  do.  But  we  went  up  to  79  mph 
in   three  days. 

The  line  change  cost  about  3  million  dollars.  It  has  been  said  in  the  newspapers 
that  it  cost  us  $500,000  per  minute  saved.  Actually,  it  is  a  little  bit  less  than  that, 
because  we  are  saving  about  8  to  9  minutes  on  it  now. 

And  now  I  would  like  to  show  the  film,  and  I  would  like  particularly  to  thank 
Mr.  Wagner  and  Committee  31  for  the  opportunity  to  do  so.  I  hope  you  will  enjoy 
it.  Thank  you  very  much.   [Applause] 
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[At  this  time  the  film  was  shown.] 

[Applause] 

Chairman  Wagner:  Thank  you,  Mr.  Shoemaker,  for  your  remarks  and  the 
excellent  film  you  have  shown  us.  I  am  sure  Mr.  Shoemaker  will  be  glad  to  answer 
any  questions  that  you  might  have  to  ask  him, 

G.  M.  Magee  [AAR]:  I  would  like  to  ask  if  any  ballast  was  unloaded  on  the 
fill  ahead  of  the  track  laying.  I  couldn't  tell  whether  it  was  or  not. 

Mr.  Shoemaker:  No,  Jerry,  it  wasn't.  We  spread  the  ties  directly  on  the  road- 
bed. We  had  an  unusual  situation  here.  Tlie  gravel  in  the  big  cut  was  beautiful. 
It  was  just  like  we  had  beautiful  sub-ballast,  and  we  just  peddled  out  the  ties  and 
laid  the  rail. 

Voice:  What  type  of  explosives  were  used,  and  how  much? 

Mr.  Shoemaker:  We  tried  a  controlled  method.  In  that  area  the  granite  was 
badly  broken  up,  and  we  drilled  vertical  holes  every  3  ft  and  filled  them  with  a 
low-grade,  about  30  percent,  powder,  to  control  the  cutting  and  splitting.  Pre- 
splitting  is  what  it  really  was. 

Voice:  What  were  the  depths  of  your  drilling  for  blasting? 

Mr.  Shoemaker.  Well,  if  you  remember  the  cut  we  showed  there,  it  was  about 
60  ft  deep.  We  drilled  these  3-in  diameter  holes  every  3  ft  to  a  depth  of  about 
25  ft.  Then  we  presplit  a  section,  and  loaded  out  the  material  down  to  that  bench, 
and  then  we  presplit  another  section.  It's  a  beautiful  way  to  open  up  a  cut.  It  cost 
us  about  25  cents  a  yard  more  to  presplit. 

We  had  some  overbreakage  because  the  rock  was  so  badly  broken  up  from  past 
geological  activities,  but  presplitting  is  worth  while,  because  while  you  are  spending 
20  or  25  cents  a  yard  more  on  the  original  construction,  which  is  A  and  B  money, 
you  are  going  to  save  a  lot  of  operating  expense  money  later  on  cleaning  out 
your  ditches. 

Voice:  What  was  the  average  cost  per  cubic  yard?  I  am  just  talking  about 
the  rock. 

Mr.  Shoemaker:  I  think  it  was  $1.55  a  yard,  something  like  that.  That  is 
within  a  dime,  anyway  of  that. 

Voice:   Very  good. 

Mr.   Shoemaker:   Well,  thank  you  again.   [Applause] 


Chairman  Wagner:  Mr.  President,  this  concludes  the  report  of  Committee  31. 

President  Trissal:  Mr.  Shoemaker,  1  was  glad  to  hear  that  you  borrowed  your 
techniques  from  the  Illinois  Central.  I  was  likewise  glad  to  hear  that  you  improved 
on  them  because  now  we  are  going  to  be  looking  to  Allen  Sams  [chief  engineer,  IC], 
Charlie  Weller  [engineer  maintenance  of  way]  and  Elmer  Johnson  [engineer  of 
bridges]  to  improve  these  methods  further  when  we  get  them  back.  [Laughter] 
It  certainly  was  a  very  interesting  film. 

Mr.  Wagner,  your  committee  is  discharged  with  tlie  thanks  of  the  Association. 
[Applause] 

Before  we  conclude  the  technical  session,  I  would  like  to  announce  that  we 
have  a  grand  total  registration  of  948.  I  think  that  is  a  marvelous  attendance  at  a 
short  meeting  of  this  nature. 
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President  Trissal:  I  now  convene  the  closing  business  session  of  our 
Convention. 

I  think  that  every  retiring  president  has  looked  at  this  session  as  sweet  sorrow, 
as  do  I.  I  am  glad  the  meeting  is  over,  but  still  there  is  certain  sorrow  involved. 

Whatever  we  have  done  this  last  year  has  been  with  the  help  of  the  Board, 
the  ofRcers  and  the  executive  secretary's  office. 

Now  Earl  wrote  out  a  lot  of  things  here  for  me  to  say,  but  I  am  going  to  talk 
from  the  heart.  I  owe  more  to  the  folks  I  mentioned  than  any  other  president  that 
you  have  ever  had. 

You  may  remember  that  Chief  Justice  of  the  Supreme  Court  Oliver  Wendell 
Holmes  was  known  as  the  Great  Dissenter.  Why  he  was  a  great  dissenter,  I  don't 
know,  but  I  am  known  as  a  great  delegator,  and  I  delegate  because  I  don't  know. 

Every  man  in  the  past  25  years  who  has  worked  with  me  has  known  more 
about  their  particular  branch  of  the  work  than  I  have.  So  I  delegate  all  those 
responsibilities,  and  whatever  has  been  accomplished  this  last  year  has  been  done 
through  the  men  to  whom  everything  was  delegated. 

And  of  course,  we  just  can't  get  away  from  speaking  about  the  fine  work  done 
by  the  secretarial  staff.  They  have  responded  to  every  single  demand  that  has  been 
placed  upon  them,  and  there  have  been  a  lot  of  them. 

The  same  applies,  of  course,  to  our  officers  and  our  Board  of  Direction. 

I  have  been  looking  very  carefully  to  see  if  I  could  find  something  that  went 
wrong  that  we  could  blame  on  the  General  Arrangements  Committee,  but  I  haven't 
found  anything.  I  think  that  that  committee  under  the  direction  of  Dabney  Kern 
has  done  an  outstanding  job. 

These  smooth-running  conventions,  as  I  have  said  before,  don't  just  happen. 
It  takes  a  lot  of  ground  work,  and  a  lot  of  last-minute  work. 

I  join  Mrs.  TrLssal  and  thank  all  the  ladies  who,  with  Mrs.  Kern,  Mrs.  Hodgkins 
and  Mrs.  Miller,  gave  so  generously  of  their  time  in  assisting  with  the  social  func- 
tions of  our  Convention  for  the  ladies.  Likewise,  again  I  want  to  thank  REMSA 
for  their  fine  reception  last  night. 

Is  there  anything  else  to  come  before  this  Convention  before  we  adjourn? 

Alton  V.  Johnston  [Canadian  National  Railways]:  Mr.  President,  may  I 
have   the   privilege   of   the   floor   and   the   rostrum? 

President  Trissal:  Most  certainly.  Past  President  Alton  V.  Johnston. 

Mr.  Johnston:  President  Trissal,  members  and  guests:  One  of  the  advantages 
of  being  a  past  president  is  that  you  get  to  do  some  of  the  more  pleasant  things. 
Jack  has  just  finished  doing  some  of  the  more  onerous  things.  I  am  jumping  the  gun 
here  a  little  bit  because  his  duties  aren't  cjuite  finished,  lint  I  will  take  advantage  of 
my  position  as  a  past  president  and  I  gladly  welcome  him  into  the  "Senate."  We  on 
the  Board,  myself  for  another  year,  are  looking  forward  to  a  continuation  of  his  wise 
advice  and  good  counsel  during  the  next  two  years  when  he  will  serve  as  a  past 
president  on  the  Board. 

My  second  duty  is  equally  pleasant,  and  that  is  to  present  to  Jack  a  plaque  on 
behalf  of  the  officers  and  members  of  the  AREA  in  appreciation  of  his  very  effec- 
tive service  throughout  the  past  year. 

I  want  to  read  something  now  because  1  want  to  have  it  (juite  accurate.  Other- 
wise, what  I  shall  say  is  going  to  be  extemporaneous,  other  than  this: 
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"This  is  in  appreciation  of  your  effective  and  competent  leadership  of  the 
Association  during  the  past  year,  and  through  your  efforts  substantial  progress 
has  been  made  in  furthering  the  objective  of  the  Association,  which  is:  To  ad- 
vance the  knowledge  pertaining  to  the  scientific  and  economic  location,  construc- 
tion, operation  and  maintenance  of  railways."  That  is  the  part  I  had  to  read  be- 
cause I  wanted  it  be  exactly  right. 

Jack,  in  appreciation  of  your  devotion  to  the  AREA  during  the  past  year 
and  your  accomplishments,  I  am  very  happy  to  present  to  you  this  plaque.  The 
inscription  on  it  says,  "The  American  Railway  Engineering  Association  records  its 
grateful  appreciation  to  John  Meredith  Trissal  for  his  able  administration  of  the 
affairs   of  the   Association   during   his   term  as  president,    1966-1967."    [Applause] 

PREsroENT  Trissal;  Thank  you  very  much,  Alton.  I  greatly  appreciate  that 
plaque.  It  will  be  among  my  real  souvenirs,  I  can  assure  you. 

The  close  of  our  Annual  Convention  each  year  brings  with  it  some  regrets 
because  it  brings  to  an  end  the  service  of  several  members  of  our  Board  of 
Direction. 

I  want  to  thank  each  member  of  the  Board  for  his  counsel,  advice  and  sup- 
port, especially  those  members  who,  having  completed  their  term  of  office,  are 
retiring  from  the  Board.  The  closing  of  his  Meeting  completes  the  service  on  the 
Board  of  Past  President  T.  F.  Burris,  retired  general  manager  of  construction  and 
maintenance  of  way,  Chesapeake  &  Ohio  Railway-Baltimore  &  Ohio  Railroad,  who 
could  not  be  with  us  this  year  due  to  illness.  The  constitution  provides  that  past 
presidents  will  remain  on  the  Board  for  two  years  after  completion  of  their  term 
as  president.  We  are  deeply  indebted  to  Mr.  Burris  for  his  long  and  valuable 
service  to  our  Association,  both  in  an  official  and  an  unofficial  capacity,  and  al- 
though he  will  be  off  the  Board,  I  am  sure  he  will  .still  be  called  upon  for  counsel 
and  advice  as  important  matters  require. 

Other  members  of  the  Board  of  Direction  completing  their  terms  of  service 
are  these  directors: 

D.  C.  Hastings,  vice  president — operations,  Atlantic  Coast  Line  Railroad,  who 
was  unable  to  be  with  us  because  he  is  in  Europe. 

J.  S.  Parsons,  engineering  consultant,  Erie  Lackwanna  Railroad,  who  is  not 
here  at  the  moment. 

S.  H.  Poore,  office  engineer,  Chesapeake  &  Ohio  Railway-Baltimore  &  Ohio 
Railroad.   Will  you   stand,   please?  Thank  you,   Stuart.    [Applause] 

F.  N.  Beighley,  roadway  engineer,  St.  Louis-San  Francisco  Railway.  Frank, 
will  you  stand?  [Applause] 

These   men  have  served  very  well  on  our  Board,  and  we  appreciate  it. 

It  is  now  my  privilege  and  pleasure  to  present  the  new  directors  and  officers 
you  have  elected  for  the  ensuing  year.  As  I  read  your  name,  please  come  to  the 
Speaker's   Table  and   take  a  place  at  my  right.  The  new  directors  are: 

E.  Q.  Johnson,  chief  engineer,  Norfolk  &  Western  Railway,  Roanoke,  Va.  Mr. 
Johnson.   [Applause] 

R.  M.  Brown,  chief  engineer.  Union  Pacific  Railroad,  Omaha,  Neb.  Mr.  Brown. 
[Applause] 

J.  M.  Salmon,  Jr.,  chief  engineer,  Clinchfield  Railroad,  Erwin,  Tenn.  Mr. 
Salmon.   [Applause] 

E.  H.  Waring,  chief  engineer,  Denver  &  Rio  Grande  Western  Railroad,  Denver, 
Colo.  Mr.  Waring.  [Applau.se] 
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Gentlemen,  I  welcome  \()ii  as  direetois  of  the  American  Railway  Engineering 
Association.  It  is  an  office  of  high  honor  and  responsibility  you  are  as.suming.  I 
know  you  will  enjoy  your  service  on  the  Board  of  Direction  and  will  bring  much 
of  value   to  its  deliberations.  Congratulations.  You  may  be  seated. 

Our  new  senior  \  ice  president  is  H.  E.  Wilson,  assistant  chief  engineer  system, 
Atchison,  Topeka  &  Santa  Fe  Railway,  who  under  the  constitution  automatically 
advances  to  this  position  from  that  of  junior  \ice  president.  Hal,  will  you  come 
to  the  platform?   [Applause] 

It  is  with  much  satisfaction  that  I  see  you  ad\ance  to  this  position  of  greater 
responsibility   in   the  Association. 

Your  newly  elected  junior  vice  president  is  H.  M.  Williamson,  cliief  engineer 
system,  Southern  Pacific  Company,  wlio  finished  his  three-year  term  as  director 
last  year. 

Mr.  \\'illiamson,  will  you  please  come  to  the  platform  and  take  your  place 
beside  Mr.  Wilson.   [Applause] 

Mr.  Williamson,  I  congratulate  >'0u  upon  >our  election;  we  arc  happy  to  see 
you  on  the  Board. 

President  Trissal:  Our  new  president  is  T.  B.  Hutcheson,  chief  engineer. 
Seaboard  Air  Line  Railroad.  To  accord  Mr.  Hutcheson  the  proper  recognition,  I 
have  requested  Past  Presidents  Beeder  and  Johnston  to  escort  him  to  the  platform 
at  tliis  time.   [Applause] 

PREsmEN'T  Thiss.\l:  Mr.  Hutcheson,  I  congratulate  \()u  upon  your  election  to 
the  liighest  position  of  honor  in  this  Association,  and  I  now  proclaim  you 
president.  Even  if  unofficially  I  also  proclaim  Mrs.  Hutcheson  the  first  lady  of  the 
Association.    [Applause] 

I  share  the  confidence  which  has  been  placed  in  you  by  our  membership  and 
it  is  with  pleasure  and  satLsfaction  that  I  turn  over  the  responsibility  of  president 
to  you.  In  so  doing,  1  want  to  present  you  with  this  solid  gold  pin,  which  bears 
these  words  engraved  on  the  back:  "T.  B.  Hutcheson,  President,  1967-1968."  It  is 
the  official  emblem  of  the  AREA  and  I  am  sure  you  will  wear  it  with  equal 
pleasure  to  yourself  and  honor  to  the  Association.   [Applause] 

[Mr.   Hutcheson  a.ssumed  the  presidency.] 

President  Hutcheson:  Thank  you.  Jack.   [Applause] 

Jack,  I  want  to  thank  you  for  the  Association's  emblem.  I  greatly  appreciate 
the  honor  which  this  Association  has  bestowed  on  me,  and  at  the  same  time,  I  am 
mindful  of  the  confidence  which  you  have  placed  in  me  in  assuming  this  office. 

I  am  also  mindful  of  the  responsibility  which  accompanies  the  acceptance  of 
this  high  office  in  our  Association.  The  outstanding  position  of  leadership  which 
the  AREA  occupies  in  its  field  on  a  world-wide  basis  stands  as  a  tribute,  Jack,  to 
the  devotion  to  duty  and  the  ability  of  you,  your  predece.'isors  in  office,  the  direc- 
tors of  the  Association  and  the  committee  chairmen. 

The  railway  engineering  profession,  the  AREA,  and  the  Engineering  Division 
of  the  Association  of  American  Railroads  are,  as  you  heard  ,so  eloquently  from 
Rex  Manion  yesterday,  in  a  period  of  transition  into  a  new  era  of  demand  and 
accomplishment.  So  as  to  be  in  a  position  to  properly  discharge  its  responsibihties, 
the  Engineering  Division,  working  tlirough  the  AREA,  has  set  up  a  new  fonn  of 
organization  and  procedure  which  will  give  it  a  more  positive  voice  in  dealing  with 
engineering  matters  on  AAR  member  railroads,  which  cover  the  entire  Continent 
of  North  America. 
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I  look  forward  to  the  next   12  months  witli  keen  anticipation. 
I   would   also   like   to  welcome   Hal   Wilson   to  his   new  position   as  senior  vice 
president.   Hal  has  been  delightful   to  work  with  over  the  past  years  on  the   Board 
of  Direction,   and  I  am  looking  forward  to  our  continued  association. 

I  am  particularly  glad  to  see  my  friend,  Harry  Williamson,  assume  tlie  posi- 
tion of  junior  vice  president  of  this  Association.  Harry  is  one  of  the  outstanding 
men  in  the  profession.  With  these  two  men  in  leading  positions  in  the  Association, 
I  am  confident  that  it  will  move  forward  in  the  years  to  come  as  it  properly  should. 
At  the  same  time  I  want  to  welcome  to  the  Board,  Mr.  Johnson,  Mr.  Brown, 
Mr.  Salmon  and  Mr.  Waring.  I  look  forward  to  working  with  them  through  the 
coming  year. 

I,  too,  will  miss  the  association  at  Board  meetings  with  Dave  Hastings,  John 
Parsons,  Stuart  Poore  and  Frank  Beighley.  I  have  enjoyed  and  profited  greatly 
from  working  with  them  over  the  past  years,  and  I  wish  them  well  in  the  future. 
Again  I  am  looking  forward  to  working  with  Earl  Hodgkins  and  his  excellent 
staff  at  Association  headquarters  and  with  Jerry  Magee  and  his  associates  at  the 
Research  Center. 

I  am  also  looking  forward  to  working  with  REMSA,  which  contributes  so 
much  to  the  success  of  our  Conventions. 

Now,  no  man  accomplishes  much  without  the  strong  support  and  constant 
help  of  his  wife,  and  I  am  very  fortunate  in  that  regard.  My  wife  is  here,  and  I 
would  like  her  to  stand  and  take  a  bow.  [Applause] 

Is   there  any  further  business   to   come   before   this   Association? 
John  T.  Ward   [Seaboard  Air  Line  Railroad]:   Mr.  President,  may  I  have  the 
floor  for  a  moment? 

President  Hutcheson:  Mr.  Ward. 

Mr.  Ward:  Mr.  President,  ladies,  fellow  members  of  AREA  and  guests:  For 
several  years  it  has  been  the  practice  to  present  to  the  incoming  president  of  AREA 
a  memento  from  his  associates.  This  duty  I  am  happy  to  perform  today  in  behalf 
of  President   Hutcheson's   friends  on   the   Seaboard. 

Mr.  Hutcheson,  I  have  here  a  gavel,  and  I  would  like  to  read  the  inscription 
on  it  for  the  benefit  of  the  audience.  It  says,  "Thomas  B.  Hutcheson,  AREA 
president,  1967-1968,  from  your  friends  on  the  Seaboard."  [Applause] 
President  Hutcheson:  John,  I  greatly  appreciate  it.  [Applause] 
Mr.  Ward  [continuing]:  Mr.  Hutcheson  arrived  in  Birmingham,  Ala.,  which 
is  on  the  Georgia  Division  of  the  Seaboard  system,  on  Train  No.  5  on  Sunday, 
June  23,  1935.  He  started  to  work  in  Birmingham  Yard  on  Monday,  June  24th, 
1935,  at  the  age  of  22,  having  just  received  a  Bachelor  of  Science  degree  in  Me- 
chanical Engineering  from  Virginia  Polytechnic  Institute  a  few  weeks  prior  thereto. 
Mr.  Hutcheson  went  to  work  as  an  apprentice  foreman  under  Section  Foreman 
Dick  Witcher.  His  rate  of  pay,  in  this  time  of  depression,  was  $90  per  month,  or 
$45  a  half  of  a  month,  as  we  are  paid  on  the  Seaboard. 

The  section  gang  started  that  morning  lining  over  a  track  in  order  that  a 
cinder  pit  could  be  built.  I  presume  that  some  of  us  "older"  railroad  employees 
can  recall  the  cinder  pits,  water  tanks,  and  coal  chutes  that  accompanied  the 
steam-engine  days.  In  moving  this  track,  which  had  been  in  place  for  many  years, 
some  of  the  cross  ties  did  not  move  with  the  rail.  The  gang  spotted  in  some  new 
cypress  cross  ties  in  the  track  in  its  new  location.  The  gavel  which  has  just  been 
presented  was  made  from  one  cypress  tie  that  Mr.  Hutcheson  and  Laborer  Sam 
McLendon  placed   in  the   track.   Additionally,   these  two  men  drove  the  spikes   to 
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hold  the  rail  onto  the  tie.  Mr.  Hutcheson  drove  the  outside  spike  adjacent  to  one 
rail,  and  when  he  struck,  or  endeavored  to  strike,  it  with  the  spike  hammer,  the 
spike  bent  over  against  the  rail.  Sam  got  a  claw  bar  and  started  to  straighten  up 
the  spike.  Mr.  Hutcheson  took  the  claw  bar  from  him,  straightened  up  the  spike 
himself,    and    finished    driving   it   in   place. 

Mr.  Hutcheson'.s  service  with  the  Seaboard  Air  Line  Railroad  Company  from 
this  first  day  as  an  apprentice  foreman  has  been  continuous  except  for  a  four-year 
tenure  of  duty  with  the  U.  S.  Army  from  January  1942  through  Jamiary  1946.  He 
came  out  of  the  service  with  the  rank  of  major,  and  rose  rapidly  through  the  ranks 
on  the  Seaboard  to  the  position  of  chief  engineer,  which  position  he  assumed  on 
January  1,  1958.  Mr.  Hutcheson  attended  the  24th  Advanced  Management  Pro- 
gram of  the  Hanard  Business  School  from  September  througli  December  1953. 

We  on  the  Seaboard  feel  confident  that  Mr.  Hutcheson  will  carry  on  the  tradi- 
tion of  outstanding  leadership  for  the  American  Railway  Engineering  Association, 
and  we   all   pledge   ourselves   to   help   him    in   any   way.    [Applause] 

PREsroENT  Hutcheson:  I  deeply  appreciate  what  my  associates  have  done. 
Sam  is  still  working  for  the  Seaboard,  and  as  fiu-  as  I  know,  I  am  still  working 
for  the  Seaboard.    [Laughter]   These  are  touching  moments. 

Before  closing  the  66th  Annual  Convention,  may  I  ask  if  there  is  any  further 
business  to  come  before  this  Convention.  If  not,  it  shall  be  my  duty  to  take  this 
lovely  cypress  cross  tie  cut  down  to  a  beautiful  gavel  and  declare  this  meeting 
at  an  end. 

But  before  you  leave:  I  want  to  remind  the  members  of  the  Board  of  Direc- 
tion and  the  members  of  the  Arrangements  Committee  that  there  will  be  a  joint 
luncheon  immediately  following  this  meeting,  and  a  Board  meeting  after  the 
luncheon.  Thank  you.   [Applause] 

[The    Convention    adjourned    sine    die    at    12:45   pm] 
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Charles  Joseph  Code,  retired  assistant  chief  engineer,  Pennsylvania  Railroad, 
and  past  president  and  Honorary  Member  of  the  American  Railway  Engineering 
Association,  died  at  Bryn  Mawr  Hospital,  Bryn  Mawr,  Pa.,  on  December  20,  1966, 
at  the  age  of  66. 

Mr.  Code,  the  son  of  James  Grant  and  Frances  (Cleaver)  Code,  was  born  at 
La  Crosse,  Wis.,  on  March  9,  1900.  He  is  survived  by  his  wife,  the  former  Anne 
Porter;   a   daughter,   Mrs.   Anne   Barta;   two   sons,   Charles  J.  Jr.,   and  James  Grant; 
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a  brother,  Grant  Hyde  Code;  and  a  sister,  Mary  Code.  Mr.  Code  was  graduated 
from  the  Carnegie  Institute  of  Technology  in  1921  with  the  degree  of  Bachelor  of 
Science  in  Civil  Engineering,  and  in  1925  was  awarded  the  full  degree  of  Civil  Engi- 
neer. He  was  a  member  of  Tau  Beta  Pi,  the  honorary  engineering  fraternity. 

Charles  J.  Code  obtained  his  first  railroad  experience  on  the  Monongahela 
Southern  Railway  (now  the  Union  Railroad)  in  1918  as  a  chainman.  He  resigned 
this  position  to  enter  military  service,  and  completed  his  tour  of  duty  as  a  second 
lieutenant  of  infantry.  Mr.  Code  entered  tlie  service  of  the  Pennsylvania  Railroad 
during  the  summer  vacation  of  1920  and  upon  graduation  the  following  year  entered 
full-time  service  as  a  rodman.  After  a  succession  of  promotions,  which  advanced 
him  to  assistant  supervisor  of  track,  supervisor  of  track,  and  division  engineer  in 
1930,  he  was  appointed  assistant  to  chief  engineer,  Central  Region,  in  1937;  engi- 
neer of  tests-maintenance  of  way  in  1941;  and  assistant  chief  engineer-tests  (sys- 
tem) in  1951.  Subsequently,  he  was  promoted  to  assistant  chief  engineer-staff  and 
assistant  chief  engineer  at  system  headquarters,  Philadelphia,  Pa.  Mr.  Code  was 
serving  in  the  latter  capacity  when  he  retired  on  April  1,  1965. 
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During  his  service  as  engineer  of  tests  and  assistant  chief  engineer,  Mr.  Code 
made  many  contributions  to  the  raihoad  engineering  profession.  His  work  on  the 
causes  of  rail  faihires  resulted  in  the  design  of  the  133,  140  and  155-lb  rail  sections. 
PRR  records  on  the  failures  in  tliose  rail  sections  during  their  first  10  years  of 
service,  as  compared  with  the  performance  of  new  131  and  152-lh  rail  during  the 
preceding  10  years,  showed  a  reduction  in  total  faihues  from  57.2  per  100  track-mile- 
years  to  2.8  per  100  track-mile-years,  and  a  reduction  in  web  failures  from  47.3  per 
ICO  track-mile-years  to  0.23  per  100  track-mile  years.  This  excellent  performance 
on  the  part  of  tliose  rail  sections  has  continued  to  die  present  time. 

For  many  years,  Mr.  Code  took  an  acti\e  part  in  the  development  of  modern 
track  fasteners  and  tie  treatment,  especially  in  the  de\elopnient  of  anti-tie-splitting 
devices.  His  laborator\'  for  the  tests  on  ties  and  track  fastenings  was  the  territory 
between  Harrisburg  and  Johnstown,  Pa.  In  this  territory,  rail,  track  fastenings,  ties 
and  ballast  are  subjected  to  the  most  intense  service  conditions  that  can  be  found  on 
any  American  railroad.  Approximately  600  tests  have  been  conducted  over  the  past 
30  years  under  the  direction  of  Mr.  Code  and  the  factual  data  obtained  therefrom 
have  been  of  great  benefit  to  the  entire  railroad  industry. 

In  addition  to  these  achievemets,  Mr.  Code  made  significant  contributions  in  die 
field  of  ballast  and  work  equipment.  The  standards  and  tests  he  developed  for  an 
improved  ballast  resulted  in  outstanding  impro\enients  in  track  and  maintenance 
conditions.  Mr.  Code  was  also  chairman  of  the  PRR's  Xhichinery  Committee,  and 
as  such  participated  in  the  de\elopment  of  each  type  of  machine  used  today  in 
track  and  bridge  maintenance.  The  standards  and  the  procedures  developed  under 
his  outstanding  leadership  have  resulted  in  better  track  and  bridge  conditions  at  less 
Tmit  costs. 

His  exacting  professional  duties  for  the  Pennsylvania  did  not  deter  him  from 
participation  in  the  activities  of  community,  national  and  international  organizations. 
Mr.  Code  became  a  member  of  die  American  Railway  Engineering  Association  in 
1942  and  took  an  active  part  in  the  affairs  of  the  Association  and  the  work  of  its 
committees  until  his  demise.  He  was  a  member  of  Committee  4 — Rail,  for  24  years, 
serving  as  its  vice  chairman  from  1949  to  1951  and  as  its  chairman  from  1952  to 
1954.  His  technical  contributions  as  a  member  of  this  committee  on  the  subjects  of 
wheel  load  versus  proper  rail  sections  and  the  standardization  of  rail  sections  have 
been  of  benefit  to  the  maintenance  officers  of  e\'ery  American  railroad.  He  was  also 
a  member  of  Committee  3 — Ties  and  Wood  Preservation,  from  1958  to  1961. 

In  recognition  of  his  abilities  and  outstanding  work  in  the  affairs  of  the 
American  Railway  Engineering  Association,  Mr.  Code  was  elected  a  director  of  the 
Association  in  1955,  vice  president  in  1960  and  president  in  1962.  By  virtue  of  being 
president  of  AREA,  he  automatically  acceded  to  the  position  of  chairman  of  die 
Engineering  Division  of  the  Association  of  American  Railroads.  Mr.  Code's  devotion 
to  the  raihoad  engineering  profession  and  the  American  Railway  Engineering  Asso- 
ciation, and  his  outstanding  contributions  to  both,  were  further  recognized  in  1965 
when  he  was  elected  an  Honorary  Member  of  AREA,  a  short  time  prior  to  his 
redrement. 

In  addition  to  AREA  Committees  3  and  4,  Mr.  Code  served  on  the  AREA 
Board  Committee  on  Research  from  1958  until  his  retirement,  serving  as  its  chairman 
from  1963  to  1965;  the  AAR  Research  Consulting  Committee  from  1959  until  his 
retirement;  and  the  AAR  Joint  Committee  on  Relation  Between  Track  and  Equip- 
ment,  serving   as   its   chairman   from    1954   until  his   retirement.   Throughout  all  of 
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these  Association  activities  and  responsibilities,  Mr.  Code  was  an  exceptionally 
capable  presiding  officer  and  administrator.  He  possessed  to  a  high  degree  the  ability 
not  only  to  present  the  subjects  or  problems  under  consideration  in  a  lucid  and 
concise  manner,  but  also  in  a  way  that  would  elicit  con.structive  comments  and 
suggestions  from  his  associates. 

He  was  the  author  of  many  technical  papers,  two  of  which  received  interna- 
tional recognition  by  winning  the  Pan  American  Railway  Congress  award.  The  first 
was  in  1953  for  a  paper  on  the  design  of  rail;  the  second  was  10  years  later  for  a 
paper  on  wheel  load  as  related  to  rail  section. 

Subsequent  to  retirement  from  active  railroad  service,  his  keen  mind,  recog- 
nized ability  and  broad  background  of  technical  knowledge  and  experience  ensured 
his  demand  as  a  consultant  on  railway  engineering,  construction  and  maintenance — 
a  pursuit  in  which  he  was  actively  engaged  at  the  time  of  his  death. 

Mr.  Code  was  also  a  member  of  the  Society  for  Experimental  Stress  Analysis, 
the  Pennsylvania  Forestry  Association,  and  the  National  Rifle  Association,  in  which 
he  served  as  a  director.  At  the  National  Matches  in  1955,  he  won  the  Senior  Cup 
for  marksmanship.  In  addition  to  all  tliese  activities,  he  found  time  to  actively 
participate  in  the  Boy  Socuts  of  America  and  the  Good  Samaritan  Episcopal  Church 
of  Paoli,  Pa. 

Charley  Code  was  a  person  of  many  abilities.  He  had  the  discriminating  mind, 
the  sound  judgment,  the  keen  sense  of  justice,  the  spirit  of  sacrifice,  the  respect  for 
personality,  the  strength  of  character,  and  the  idealism  so  necessary  for  an  engineer- 
ing officer  on  an  American  railroad.  Since  research,  tests  and  analysis  of  factual 
findings  were  his  primary  duties,  he  devoted  the  major  portion  of  his  time  to  those 
responsibilities,  and  as  the  result,  his  days  were  busy  and  frequently  strenuous.  As 
assistant  chief  engineer,  he  was  approchable  and  open  minded,  was  never  hurried, 
never  excitable,  and  never  irritable.  His  associates  on  the  PRR,  and  civil  engineers 
throughout  the  industry,  looked  upon  him  as  a  friend  and  counselor  rather  than 
as  a  critic  and  disciplinarian.  They  trusted  him,  confided  in  him  and  respected  him. 
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March  1,  1967 
To  The  Members: 

It  is  a  great  pleasure  for  me  to  again  report  that  the  American  Railway  Engineering 
Association  has  enjoyed  a  tremendously  successful  year.  Not  only  did  the  Association 
end  the  year  "in  the  black"  as  far  as  finances  were  concerned,  when  it  was  expected 
to  be  "in  the  red,"  but  the  downward  trend  in  membership  was  definitely  reversed 
and  the  demand  for  Association  publications  was  again  unbelievably  high  for  the  second 
consecutive  year.  Details  on  these  areas,  and  others,  will  be  given  in  subsequent  sections 
of  this  report. 

The  financial  condition  of  the  Association  is  sound,  the  interest  in  and  activity  of 
our  technical  committees  remains  at  a  high  level,  although  some  problem  areas  have 
developed,  and  a  second  highly  successful  Regional  Meeting  amply  demonstrated  the 
interest  in  the  Association  by  railroad  engineering  and  maintenance  management,  mem- 
bers, and  non-members,  particularly  the  younger  engineers  and  supervisors  in  the  latter 
two  categories.  Members  can  be  proud  of  their  Association;  the  decisions  of  their  elected 
officers  and  directors;  the  high  esteem  in  which  the  output  of  its  technical  committees 
is  held,  not  only  in  the  railroad  industry  but  also  in  general  engineering  circles;  and 
the  dynamic  progress  it  has  made  and  is  making  in  adjusting  its  operations  and 
activities  to   better  serve  them  and  the  railway  engineering  profession. 

1966  Convention 

The  1965-66  Association  year  ended  in  a  highly  successful  AREA  Annual  Conven- 
tion and  concurrent  Annual  Meeting  of  the  AAR  Engineering  Division,  at  which  1263 
members  and  guests  attended — 753  railroad  men  and  510  non-railroad  men.  In  addition, 
200  wives  accompanied  their  husbands  to  the  Convention,  registered  their  attendance 
and  participated  in  the  ladies'  activities,  including  a  tour  of  Chicago's  famous  Museum 
of  Science  and  Industry  and  a  luncheon  and  Hawaiian  Fashion  Show  at  the  South 
Shore  Country   Club. 

One  of  the  features  of  the  Convention  program  was  the  Keynote  Address  at  the 
Opening  Session  by  R.  R.  Manion,  vice  president.  Operations  and  Maintenance  Depart- 
ment, AAR,  on  "Toward  New  Dimensions  in  Railroading."  Another  was  the  address 
at  the  Annual  Luncheon  by  S.  F.  Dingle,  system  vice  president  (now  retired),  Canadian 
National  Railways.  His  talk  was  entitled  "Corporate  Planning — A  Modern  Must." 

The  remainder  of  the  program  consisted  of  the  reports  of  each  of  the  Association's 
22  standing  committees,  and  9  committee-sponsored  special  features,  including  illustrated 
addresses,  a  motion  picture  and  a  panel  discussion. 

Regional   Meeting   Held  in  Southeast 

One  of  the  more  popular  and  successful  innovations  in  the  AREA  is  the  regional 
meeting.  Many  of  those  who  attended  the  first  such  meeting  in  October  1965  at  Port- 
land, Ore.,  are  still  impressed  by  the  outstanding  program,  the  opportunity  to  par- 
ticipate in  an  AREA  meeting,  particularly  those  younger  men  who  are  unable  to  attend 
the  Annual  Convention  in  Chicago,  and  the  chance  to  mingle  with  other  railroad  men 
and  railway   supply  men  and  discuss  mutual  problems  and  other  interests. 

The  second  AREA  Regional  Meeting  was  held  on  October  7,  1966,  in  the  Robert 
Meyer  Hotel  at  Jacksonville,  Fla.  This  meeting  was  initiated  by  T.  B.  Hutcheson, 
AREA  Senior  Vice  President  and  Chairman  of  the  1966  Special  Board  Committee  on 
Regional  Meetings,  who  is  chief  engineer.  Seaboard  Air  Line  Railroad,  Richmond,  Va. 
The  meeting,  at  which   209   members  and  guests  attended,  was  planned  and  directed 
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by  AREA  Director  D.  C.  Hastings,  vice  president — operations,  Atlantic  Coast  Line  Rail- 
road, Jacksonville,  with  the  assistance  of  the  ACL  engineering  staff,  headed  by  Chief 
Engineer  M.   W.   Clark. 

The  highlight  of  the  day's  activities  was  a  luncheon  which  was  addressed  by  the 
ACL's  president,  W.  T.  Rice,  an  AREA  member  for  20  years.  The-  remainder  of  the 
program  consisted   of  five  special   features. 


COMMITTEES    OF    THE    BOARD    OF    DIRECTION 
1966-1967 

Executive  Committee 
J.  M.  Trissal  (Chairman),  T.  B.  Hutcheson,  H.  E.  Wilson,  T.  F.  Burris,  A.  V.  Johnston 

Assignments 
M.   S.   Reid   (Chairman),   H.  E.  Wilson,  T.  F.  Burris,  A.  V.  Johnston,  H.  W.  Kellogg 

Personnel 

D.  H.  Shoemaker  (Chairman),  D.  C.  Hastings,  J.  S.  Parsons,  J.  B.  Clark, 

F.  H.  McGuigan 

Publications 
H.  E.  Wilson   (Chairman),  D.  C.  Hastings,  S.  H.  Poore,  J.  A.  Rust,  C.  Neufeld 

Manual 
F.   N.  Beighley   (Chairman),  T.  F.  Burris,  S.  H.  Poore,  J.  A.  Rust,   G.  V.  Guerin 

Membership 
J.  B.  Clark   (Chairman),  T.  B.  Hutcheson,  D.  C.  Hastings,  F.  N.  Beighley,  C.  Neufeld 

Finance 
J.  M.  Trissal   (Chairman),  H.  E.  Wilson,  J.  S.  Parsons,  M.  S.  Reid,  G.  V.  Guerin 

Research 
R.  H.   Beeder   (Chairman),  T.  B.  Hutcheson,  A.  V.  Johnston,  D.  H.  Shoemaker, 

H.  W.   Kellogg 

Regional  Meetings 
T.  B.  Hutcheson    (Chairman),  H.  E.  Wilson,  J.  A.  Rust,  F.  H.  McGuigan 


1967-1968 

Executive  Committee 

T.  B.  Hutcheson   (Chairman),  H.  E.  Wilson,  H.  M.  Williamson,  A.  V.  Johnston, 

J.  M.  Trissal 

Assignments 
M.  S.  Reid  (Chairman),  H.  E.  Wilson,  C.  Neufeld,  H.  W.  Kellogg,  J.  M.  Salmon,  Jr. 

Personnel 
D.  H.  Shoemaker  (Chairman),  J.  B.  Clark,  C.  Neufeld,  F.  H.  McGuigan,  R.  M.  Brown 

Publications 
H.  M.  Williamson   (Chairman),  D.  H.  Shoemaker,  J.  A.  Rust,  F.  H.  McGuigan, 

J.  M.  Salmon,  Jr. 

Manual 
G.  V.  Guerin   (Chairman),  H.  W.  Kellogg,  J.  A.  Rust,  J.  B.  Clark,  E.  H.  Waring 
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Membership 
J.  B.  Clark   (Chairman),  H.  M.  Williamson,  M.  S.  Reid,  A.  V.  Johnston, 

E.  Q.  Johnson 

Finance 
H.  E.  Wilson   (Chairman),  J.  M.  Trissal,  M.  S.  Reid,  G.  V.  Guerin,  R.  M.  Brown 

Research 
R.  H.  Beeder   (Chairman),  A.  V.  Johnston,  D.  H.  Shoemaker,  H.  W.  Kellogg, 

E.  H.  Waring 

Regional  Meetings 
F.  H.  McGuigan    (Chairman),  J.  A.  Rust,  C.  Xeufeld,  E.  Q.  Johnson 

MEMBERSHIP 

Early  in  this  report,  your  secretary  said  that  the  downward  trend  in  membership 
had  been  definitely  reversed  during  the  1966  membership  year — and  so  it  has.  Although 
that  statement  is  true,  the  tabulation  accompanying  this  section  of  the  report  does  not 
reflect  this  welcome  situation — actually,  it  shows  that  Association  membership  dropped 
five  members  below  the  level  at  the  start  of  the  1966  membership  year  on  February  1, 
1966.  Unfortunately,  due  to  changes  in  clerical  help  late  in  the  year,  the  processing  of 
applications  was  slowed  down  somewhat  and  26  new  members  could  not  be  elected 
until  early  February  1967.  Normally  the  election  procedures  on  those  applicants  would 
have  been  completed  in  January  and  thus  counted  in  the  figures  for  1966.  Had  this 
been  the  case,  our  membership  level  on  January  31,  1967,  would  have  been  3328,  21 
members  above  the  year  earlier  level.  Even  though  this  could  not  honestly  be  done 
in  the  official  statistics,  it  does  bear  out  the  secretary's  statement  that  the  downward 
trend   in  membership  had  been   definitely   reversed  in   1966. 

Certainly,  the  credit  for  this  excellent  showing  is  due  to  a  large  number  of  people — 
chief  engineering  and  maintenance  officers  on  railroads,  Board  members,  committee 
officers  and  the  membership  generally.  To  each  person  who  helped  reverse  the  down- 
ward trend,  the  officers  and  directors  of  the  Association  say  a  well-deserved  "thanks." 
But  with  the  thanks  goes  the  hope  that  those  individuals  will  continue  their  efforts  in 

Membership 
{Membership  year  extends  from  February  1  to  January  81) 

Membership  Year 

1965  1966 
Members  as  of  February  1,  1965  (beginning  of  Membership  Year).  .  .     3332 

Members  as  of  February  1,  1966  (beginning  of  Membership  Year).  .  .  3307 

New  Members  during  year 189  186 

Reinstatements  during  year 40  46 

Gain  or  loss  in  Junior  Members — 10  —  I 

3551         3538 

Deceased  during  year 39  53 

Resigned  during  year 71  45 

Dropped  during  year 134  138 

244  236 

Xet  gain  or  loss — 25         —  5 

Membership  January  31,  1966  (end  of  Membership  Year) 3307 

Membership  January  31,  1967  (end  of  Membership  Year) 3302 
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Membership  Classification  by  Years 

{For  each  of  the  nienibershii)  i/ears  shown,  the  year  begins  on  Fehritanj  1,  and 
ends  on  Januarij  SI,  of  the  following  year) 

1969  1960  1961  1962  1963  1964  1965  1966 

Life 481  474  490  489  465  449  457  44G 

Member 2527  2554  2467  24:U  2573  2540  2516  2528 

Associate 264  288  301  261  270  267  268  263 

Junior 101  91  89  77  90  76  66  65 

Totals 3373       3407       3347       3261        3398       3332       3307       3302 

the  year  ahead.  We   will  need  approximately  250  new  or  reinstated  members  to   only 
maintain   the  current  level  of  membership. 

Student  Affiliates 

Not  included  in  the  foregoing  membership  tabulations  are  the  Student  Affiliates 
enrolled  in  the  Association  on  college  campuses.  On  January  31,  1967,  Si  students  from 
29  different  campuses  had  affiliated  with  AREA,  compared  with  49  Student  Affiliates 
on  25   campuses  one  year  earlier. 

From  late  1960,  when  the  Student  Affiliate  program  was  started,  to  the  end  of  the 
1966  membership  year,  the  Association  had  enrolled  a  total  of  204  on  58  different 
colleges  and  universities  in  the  United  States  and  Canada. 

It  is  obvious  that  the  continuation  of  the  Student  Affiliate  program  will  require 
a  new  effort  at  the  beginning  of  and  during  each  school  year,  both  with  faculty  mem- 
bers and  students.  Accordingly,  the  secretary's  office  will  continue  to  keep  professors 
and  students  appraised  of  the  available  valuable,  low-cost  AREA  affiliation  which  is 
open  to  students. 

One   Past   President  and  Last   Charter   Member   Die  in   1966 

Your  secretary  regrets  to  advise  that  53  members  died  in  the  year  ending  January 
31,  1967,  14  more  than  in  the  previous  year.  These  losses  are  listed  immediately 
following  this  report. 

Unfortunately,  one  of  the  losses  was  one  of  the  Association's  most  beloved  past 
presidents  and  another  was  its  last  living  Charter  Member.  In  addition,  there  are  a 
number  on  the  list  who  had  reached  top  positions  in  the  railroad  industry  or  engineering 
profession. 

The  past  president  who  died  in  1966  was  Honorary  Member  Charles  J.  Code 
(M  '42),  retired  assistant  chief  engineer,  Pennsylvania  Railroad,  who  died  suddenly 
on  December  20  at  the  age  of  66.  Mr.  Code,  who  retired  in  1965,  was  AREA  president 
1962-63  and  was  elected  an  Honorary  Member  in  March  1965.  His  long  and  impressive 
Association  service  record  includes  membership  on  Committee  3 — Ties  (later  changed 
to  Ties  and  Wood  Preservation)  1958-61 ;  and  Committee  4 — Rail,  from  1942  until  his 
death,  being  chairman  1952-54;  AAR  Joint  Committee  on  Relation  Between  Track 
and  Equipment,  being  chairman  from  1954  until  his  retirement;  AAR  Research  Con- 
sulting Committee;  and  AAR  Detector  Car  Committee. 

For  seven  years  Elbert  C.  Macy  was  the  only  member  of  the  Association  with 
(M  '99)  after  his  name.  This,  of  course,  distinguished  him  as  one  of  a  select  group — 
the  283  Charter  Members  of  the  AREA,  of  which  he  was  number  53.  Mr.  Macy  actually 
died  on  December  5,  1965,  at  the  age  of  92,  although  the  secretary's  office  was  not 
advised  of  his  death  until  the  middle  of  1966.  At  the  time  he  joined  AREA,  he  was  an 
engineer  on  the  Iowa  Central  Railway;  when  he  retired  at  the  age  of  72  he  was  vice 
president  and  construction  manager  of  the  United  Engineers  &  Constructors,  Inc. 
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In  addition  to  Mr.  Code,  who  served  as  a  director  from  1955  to  1957,  three  other 
past  directors,  who  were  still  members,  died  within  the  1966  Membership  year.  These 
are:  W.  H.  Giles  (M  '20),  retired  assistant  chief  engineer,  Missouri  Pacific  Railroad, 
who  was  a  director  1954-56;  R.  P.  Hart  (M  '24),  retired  vice  president,  Missouri 
Pacific  Railroad,  director  1950-52;  W.  C.  Perkins  (M  '51),  retired  chief  engineer,  Union 
Pacific   Railroad,   director   1951-53. 

A  number  of  other  deceased  members  are  worthy  of  special  note,  either  for  the 
prominent  positions  they  had  attained  or  for  the  many  years  they  had  devoted  to 
AREA  committee  service.  They  are:  F.  E.  Austerman  (M  '36),  chief  engineer,  Chicago 
Union  Station  Company,  member  Committee  14 — Yards  and  Terminals,  1947  to  death: 
J.  H.  Aydelott  (M  '47),  retired  vice  president,  Operations  and  Maintenance  Depart- 
ment, Association  of  American  Railroads;  J.  J.  Clutz  (M  '30),  director  of  Research, 
Pennsylvania  Railroad;  A.  T.  Goldbeck  (A  '29),  retired  engineering  director.  National 
Crushed  Stone  Association;  W.  S.  Gates  (M  '50),  member  Committee  11 — Engineering 
and  Valuation  Records,  1950  to  death.  Committee  24 — Cooperative  Relations  With 
Universities,  1963  to  death;  R,  W.  Gilmore  (M  '25)  retired  general  bridge  inspector, 
Baltimore  &  Ohio  Railroad,  member  Committee  8 — Masonry,  1946  to  1962,  Member 
Emeritus  1962  to  death;  M.  J.  Hassan  (A  '48),  vice  president  of  engineering  and 
operations,  Trackwork  Division,  Taylor-Wharton  Iron  &  Steel  Company;  G.  R.  Haworth 
(M  '25),  retired  vice  president  and  general  manager.  Western  Maryland  Railway; 
F.  J.  Jerome  (M  '28),  retired  vice  president,  New  York  Central  System,  R.  J.  Morton 
(M  '40),  president  and  general  manager,  Chattahooche  Valley  Railway;  L.  V.  Marrow 
(M  '46),  President,  Transportation  Consultants,  Inc.;  M.  N.  Quade  (M  '52),  Chair- 
man of  the  Board,  Parsons,   Brinkerhoff,  Quade  and  Douglas. 

Among  the  oldest  members  of  the  Association  who  passed  away  during  the  past 
year,  other  than  Mr.  Macy  (M  '99),  are  H.  M.  Church  (M  '09),  retired  general 
supervisor  bridges  and  buildings,  Chesapeake  &  Ohio  Railway;  W.  L.  Darden  (M  '15), 
retired  engineer  of  buildings,  Seaboard  Air  Line  Railroad,  H.  A.  Dixon  (M  '16), 
retired  chief  engineer — operations,  Canadian  National  Railways;  G.  H.  Gilbert  (M  '16), 
retired  engineer  bridges.  Southern  Railway  Systems;  Paul  Hamilton  (M  '05),  retired 
district  engineer.  New  York  Central  System;  A.  T.  Hawk  (M  '11),  retired  engineer 
architect,  Chicago,  Rock  Island  &  Pacific  Railroad;  F.  U.  Mayhew  (M  '20),  retired 
chief  engineer,  Minneapolis,  Northfield  &  Southern  Railway,  Minnesota  Western  Rail- 
way; G.  W.  Payne  (M  '13),  retired  senior  assistant  engineer,  Missouri  Pacific;  J.  W. 
Reid  (A  '12),  retired  foundry  engineer,  R.  Hoe  and  Company;  J.  G.  Roney  (M  '18), 
retired  assistant  engineer,  Texas  &  Pacific  Railway;  A.  F.  Trimble  (M  '11),  retired 
consulting  engineer;  F.  G.  Walter  (M  '20),  retired  assistant  division  engineer,  Illinois 
Central  Railroad. 

ACTIVITIES    OF    COMMITTEES 
Personnel  of  Committees 

At  the  beginning  of  the  1966  Association  year  there  were  1198  members  assigned 
to  1293  places  on  the  Association's  22  standing  technical  committees.  This  compares 
with  1187  members  who  occupied  1266  places  on  these  same  committees  at  the  beginning 
of  the  previous  year. 

Again,  AREA  committees  were  Hmited  to  a  maximum  membership  of  70,  includ- 
ing Members,  Associate  Members  and  Junior  Members,  but  not  including  retired  mem- 
bers and  Members  Emeritus,  and  to  the  number  of  members  from  each  railroad, 
depending  on  the  total  number  of  AREA  members  from  a  specific  railroad.  However, 
to   meet  the  desire  of  the  Association  of  American  Railroads  for  relatively  small  AAR 
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committees,  there  was  continued  in  1966  the  plan  adopted  by  the  General  Committee, 
Engineering  Division,  in  1961,  which  provides  that  the  chairmen,  vice  chairmen,  secre- 
taries and  all  subcommittee  chairmen — to  the  extent  that  they  are  in  the  active  employ 
of  railroads — alone  constitute  the  official  Engineering  Division  committees  within  the 
larger  AREA  committees..  In  1963,  a  rule  was  adopted  that  only  members  of  com- 
mittees who  are  in  the  active  employ  of  the  railroads  should  be  chairmen  of  subcom- 
mittees with  assignments  dealing  with  railroad  or  Association  policy  matters,  assign- 
ments calling  for  expenditures  on  the  part  of  the  railroads,  or  assignments  which  might 
occasion  dealing  with   public   officials  or  agencies. 

The  number  of  members  assigned  to  committees  for  1967,  effective  with  the  official 
roster  changes  at  the  end  of  the  1967  Annual  Convention,  will  be  up  from  1966,  due 
to  the  organization  of  the  new  Special  Committee  on  Systems  Engineering,  which  had 
36  members  on  March  1,  1967,  27  of  which  were  members  also  of  some  other  com- 
mittee. Specifically,  1206  members  have  been  assigned  to  1333  places  on  committees 
for  1967. 

Work  of  Committees 

During  1966  AREA  committees  worked  on  155  assignments,  14  of  which  were 
new.  As  usual,  each  subcommittee  carried  out  its  own  studies  and  investigations  inde- 
pendently, or  with  the  cooperation  of  the  AAR  research  staff. 

Many  of  these  subcommittees  held  their  own  meetings  before,  during  or  after  the 
scheduled  meetings  of  the  full  parent  committees.  At  the  full  committee  meetings,  the 
subcommittee  chairmen  reported  on  the  subcommittee's  progress  on  their  assignments 
and  discussed  any  problems  with  the  work  with  the  other  members  of  the  full  com- 
mittee. This  procedure  enables  the  wide  knowledge  and  experience  of  all  the  members 
of  AREA  committees,  from  a  large  number  of  railroads,  to  be  applied  to  the  studies 
of  the  subcommittees.  What  an  outstanding  educational  experience  AREA  committee 
work  can  be  for  our  younger  members !  This  is  perhaps  one  of  the  greatest  benefits 
the  individual  railroads  and  the  railroad  industry  as  a  whole  derives  from  the  American 
Railway  Engineering  Association — assistance  in  the  technical  and  administratve  prepara- 
tion of  their  young  engineers  and  supervisors  for  greater  responsibilities — to  the  extent 
these  people  are  allowed  to  participate  in  AREA  general  and  committee  activities. 

All  AREA  committee  work  is  directed  toward  the  preparation  of  progress  or  final 
reports  for  information;  toward  revising  material  appearing  in  the  AREA  Manual  of 
Recommended  Practice  for  Railway  Engineering,  the  AAR  Electrical  Manual  of 
Standards  and  Recommended  Practice,  and  the  AREA  Portfolio  of  Trackwork  Plans; 
toward  the  development  of  new  Manual  and  Portfolio  material;  and  toward  carrying 
out  special  projects  related  to  their  assignments. 

The  1966  statistics  show  that  our  committees  produced  one  or  more  reports  on  92 
of  their  157  assignments  (not  including  Assignment  A),  of  which  14  contained  Manual 
recommendations.  Furthermore,  all  22  committees  presented  brief  "progress"  or  "status" 
statements  with  respect  to  assignments  on  which  they  made  no  formal  report. 

Committee  24 — Cooperative  Relations  with  Universities,  continued  its  distribution 
of  the  AREA  Engineer  Recruiting  Brochure,  entitled  "The  Railroad  Industry — A  Chal- 
lenge and  Opportunity  for  Engineering  Graduates,"  Pictorial  Railroad  Exhibit  and  infor- 
mation on  summer  job  opportunities  on  railroads  for  engineering  students.  In  addition, 
the  committee  continued  its  program  of  providing  speakers  from  railroad  engineering 
and  maintenance  of  way  departments  to  address  engineering  groups— civil,  transporta- 
tion, industrial,  mechanical  and  electrical. 
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During  1967,  the  committees  as  a  whole  will  work  on  161  assignments,  25  of  which 
are  new. 

Classification  of  Material  Produced  by  Committees 

The  work  of  AREA  committees  during  1966  was  so  diversified  and  extensive  that 
it  is  impossible  to  do  other  than  refer  to  it  in  general  terms  in  a  report  such  as  this 
one,  as  in  past  years.  However,  the  following  is  a  general  categorical  classification  of 
the  results  of  this  work,  as  published  in  the  6  technical  Bulletins  of  the  Association 
and  to  be  presented  to  the   1967   Convention: 

Recommendations  pertaining  to  the  development,  revision,  deletion  or  reapproval 
without  change  of  48  different  specifications  and  recommended  practices  for  inclusion 
in  the  AREA  Manual  and  Portfolio,  and  the  AAR  Electrical  Manual;  64  reports  on 
current  developments  in  engineering  practice  and  design;  6  reports  dealing  with  econ- 
omy in  the  use  of  labor  and  the  recruiting  and  training  of  employees;  3  reports  on 
new  and  improved  power  tools,  machines,  equipment  and  material;  2  economic  and 
analytical  studies;  4  reports  on  relations  with  public  authorities;  6  reports  dealing  with 
statistics  and  data  processing;   and  3  bibliographies. 

Committee  work  affecting  the  AREA  Manual  included  the  presentation  of  2 
specifications  for  adoption  (1  in  the  Electrical  Manual);  the  rewriting  or  revision  of 
17  specifications,  with  or  without  reapproval;  the  deletion  of  1  specification;  the 
presentation  of  4  recommended  practices  for  adoption;  the  revision  or  rewriting  of  12 
recommended  practices,  with  or  without  reapproval  (1  in  the  Electrical  Manual)  ;  the 
deletion  of  4  recommended  practices;  the  adoption  of  4  agreement  forms;  the  presenta- 
tion of  3  tentative  agreement  forms;  and  the  revision  of  1  track  tool  plan. 

Committee  Meetings 

To  progress  their  work  on  assignments  the  22  AREA  technical  committees  held  a 
total  of  67  meetings  during  the  1966  Association  year,  compared  with  59  meetings 
the  previous  year.  As  is  usually  the  case,  the  large  majority  of  these  meetings  were  held 
in  Chicago  or  at  points  central  to  the  largest  number  of  committee  members.  The 
exceptions  were  scheduled  to  permit  inspections  of  facilities,  operations  or  projects 
which  could  be  seen  only  by   going  to  those  points. 

Of  the  67  meetings  held  during  the  1966  Association  year,  45  were  held  in  Chicago 
(including  the  13  held  during  the  1966  Convention);  3  were  held  in  New  York; 
2  each  in  Tampa,  Fla.  and  Houston,  Tex.;  and  15  were  held  in  other  cities. 

The  number  of  meetings  held  during  the  year  by  each  committee  was  dictated  by 
the  scope  of  their  work  and  other  considerations.  Accordingly,  4  committees  each  held  4 
meetings;  14  committees  each  held  3  meetings;  and  4  committees  each  held  2  meetings; 
one  committee  held  1  meeting.  Combined  with  their  meetings,  18  inspection  trips  were 
made  by  AREA  committees  during  the  year  to  see  facilities,  structures,  procedures, 
projects  and  operations  directly  related  to   their  work. 

ASSOCIATION  PUBLICATIONS 

The  1966  Association  year  was  normal  as  far  as  the  production  of  publications 
is  concerned,  with  no  unusual  activity.  However,  as  far  as  the  demand  for  AREA  pub- 
lications is  concerned  the  year  was  far  from  normal.  As  in  1965,  it  was  almost  unbe- 
lievable the  way  orders  poured  into  the  secretary's  office  during  1966.  So  great  has  been 
the  demand  for  the  AREA  Manual  that  it  will  be  necessary  to  reprint  it  this  year, 
a  j'ear  ahead  of  normal.  The  same  is  true  of  the  Portfolio  of  Trackwork  Plans.  In  addi- 
tion, the  supply  of  Committee  27's  Handbook  for  the  Care  and  Operation  of  Mainte- 
nance of  Way  Equipment  is  completely  exhausted. 
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In  1966  the  publications  of  the  Association  ran  pretty  much  true  to  form,  with 
the  AREA  News  continuing  to  be  published  bi-monthly;  the  Bulletin  seven  times  a 
year,  six  technical  issues  and  one  Year  Book  issue ;  and  the  Committee  Assignments 
Pamphlet  published  early  in  March, 

The  1966  Supplement  to  the  AREA  Manual  contained  278  pages  (139  sheets)  and 
if  promptly  and  properly  inserted  gave  railroad  engineers  and  supervisors  an  outstanding 
tool  to  assist  them  in  their  work. 

The  Supplement  was  automatically  mailed  to  all  member  holders  of  the  Manual 
who  had  paid  the  $1.00  annual  Supplement  fee.  At  the  same  time  non-member  holders 
of  the  Manual  were  notified  of  the  availability  of  the  Supplement  and  the  price  thereof. 
Continuing  the  practice  started  a  number  of  years  ago,  the  secretary's  office  mailed 
direct  to  all  committee  members,  without  charge,  copies  of  the  1966  Supplement  sheets 
pertaining  to  the  Manual  chapters  sponsored  by  the  committee  or  committees  of  which 
they  were  members.  This  practice  is  followed  to  permit  committee  members  who  have 
purchased  separate  copies  of  their  committee's  Manual  chapter  to  keep  them  up  to  date. 

The  Supplement  to   the  AREA  Portfolio  had  13  sheets. 

Again  in  1966,  Proceedings  Binders  automatically  were  furnished  without  charge 
to  all  members  who  had  standing  orders  for  them  on  file  in  the  secretary's  office.  This 
two-post,  hard-cover,  book-type  binder  is  designed  to  house  all  the  Bulletins  in  the 
publication  year,  which  starts  with  the  September-October  issue  and  ends  with  the 
June-July  Proceedings  issue,  with  the  exception  of  the  March  Year  Book  Bulletin 
which  is  not  punched  for  binding  since  the  Directory  of  Members  never  has  been 
published  in  the  Annual  Proceedings.  The  June-July  Bulletin  each  year  contains  the 
complete  proceedings  of  that  year's  Annual  Convention.  Thus,  members  maintaining 
libraries  of  AREA  Proceedings  now  have  completely  compatible  volumes  to  add  to  their 
collection  without  the  duplication  of  material  that  previously  existed  between  the 
Bulletins  and  Proceedings. 

FINANCES 

While  it  was  anticipated  that  1966  would  be  an  unfavorable  year  financially  for 
the  Association,  with  Disbursements  exceeding  Receipts,  due  to  completely  unexpected 
higher  revenues,  mainly  for  Membership,  Manual  and  Track  Plans,  and  some  contem- 
plated Manual  expenditures  deferred,  the  expected  deficit  was  reversed,  with  the  highly 
desirable  situation  prevailing  of  Receipts  exceeding  Disbursements  for  1966  in  the 
amount  of  $4,136.91.  While  it  is  gratifying  that  receipts  for  the  Manual  and  the  Port- 
folio of  Trackwork  Plans  were  higher  than  expected  in  1966,  the  high  sales  have  resulted 
in  an  almost  depleted  inventory  of  both  publications,  and  it  will  be  necessary  to  reprint 
them  in  1967,  which  will  result  in  a  deficit  budget  for  that  year.  Following  is  a  com- 
parison of  Receipts  and  Disbursements  for  the  past  two  years: 

1965  1966 

Receipts $81,336.73         $84,590.91 

Disbursements 73,895.90  80,454.00 


$  7,440.83         $  4,136.91 

Reviewing  the  1966  financial  picture  briefly,  total  Receipts  were  $3,254.18  higher 
than  in  1965,  but  actually  some  $9,700  higher  than  Estimated  Receipts,  the  items  of 
Membership  Accounts,  Manual,  and  Track  Plans  alone  exceeded  estimation  for  the  year 
by  some  $7,750.  Disbursements  during  1966  were  only  $51  under  the  total  estimated 
Budget  for  the  year  of  $80,505,  with  $80,454  expended.  While  there  were  some  minor 
over-expenditures  in  various  Budget  items,  totaling  some  $3,000,  the  under-expenditure 
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of  some  $1,100  in  Miscellaneous  Stationery  and  Printing,  and  $1,900  in  Manual  balanced 
those  over  expended  items.  The  reason  for  the  under  expenditure  in  the  Manual  item 
is  that  due  to  the  rapid  dissipation  of  our  stock  of  Manuals  in  1965  and  1966,  it  was 
decided  to  defer  certain  indixadual  Chapter  reprinting  in  1966  which  would  have  been 
necessary  for  individual  sales  if  a  complete  reprinting  did  not  occur  until  1968.  It  should 
be  pointed  out  that  considerable  savings  accrue  to  the  Association  when  its  supply  of 
individual  Manual  chapters  is  replenished  at  the  time  the  entire  Manual  is  reprinted. 
The  item  of  Miscellaneous  Stationery  and  Printing  is  under  expended  due  to  fewer 
orders  for  individual  reprints  of  the  Association's  publications  being  received  during 
the  year.  Contrarywise,  if  these  orders  had  been  received  and  additional  money 
expended,   then   Receipts   for   publications   would  have   been   greater. 

Unlike  1965  and  1966,  the  year  1967  will  see  Disbursements  exceeding  Receipts  to 
the  extent  of  some  $25,000  to  $26,000.  That  this  is  necessary  is  confirmed  by  the  Gen- 
eral Balance  Sheet,  presented  herein,  which  indicates  that  the  inventories  for  Manuals, 
Track  Plans,  and  binders  therefor,  are  practically  exhausted,  and  must  be  replenished 
in  1967.  These  high  expenditures  will  of  course  reflect  favorably  as  inventory  in  the 
General  Assets  of  the  Association. 

During  the  year  your  Board  of  Direction,  realizing  the  need  of  additional  working 
capital  necessary  to  meet  the  constantly  rising  prices  for  all  Association  material  and 
functions,  instructed  the  Board  Committee  on  Finance  to  investigate  the  possibility 
of  securing  additional  yield  on  the  Association's  investments,  the  consensus  being  that 
yield  was  of  prime  importance  and  high-level  investment,  while  not  discounted,  was 
secondary.  After  an  exhaustive  study  the  Board  Committee  on  Finance  authorized  the 
sale  of  certain  low  yield  Association  held  securities  at  an  immediate  loss  of  $6,500,  and 
the  purchase  of  higher  interest  bonds  with  the  balance  of  the  proceeds  realized  from 
the  sold  securities.  This  transaction  will  assure  additional  annual  working  capital  to 
the  Association  and  will,  at  maturity  of  the  bonds  purchased,  due  to  the  higher  interest 
rate,  result  in  no  monetary  loss  to  the  Association. 

There  is  little  possibility  of  otherwise  augmenting  Association  receipts,  with  the 
exceptions  of  slight  increased  sale   prices  of  Associaton  publications  to  reflect,  in  part. 

Comparison  of  Receipts  and  Disbursements  for  the  Last  20  Years 

Receipts  Dishuisenienls  Net  Gain 

H)47 $46,993.00  $46,989.00  $     4.00 

1948 57,741.00  53,062.00  4,679.00 

1949 62,081.00  57,075.00  5,005.00 

1950 59,752.00  51,795.00  7,957.00 

1951 69,045.00  62,369.00  6,676.00 

1952 77,514.00  76,964.00  550.00 

1953 73,033.00  82,067.00  9,034.79* 

1954 85,748.99  68,003.03  17,745.96* 

1955 80,177.21  73,923.18  6,254.03 

1956 79,531.11  70,336.17  9,014.04 

1957 85,429.31  89,830.57  4,401.26* 

1958 81,454.56  77,348.92  4,105.64 

1959 80,407.16  80,297.48  109.68 

1960 81,138.79  83,978.29  2,839.50 

1961 83,461.73  73,410.20  10,051.53 

1962 76,097.28  87,344.12  11,246.84* 

1963 73,653.48  66,156.99  7,496.49 

1964 74,834.81  78,118.66  3,283.85* 

1965 81,336.73  73,895.90  7,440.83 

1966 84,590.91  80,454.00  4,136.91 

♦Deficit. 
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the  rising  costs  of  producing  them,  or  an  increased  interest  in  the  pages  of  the  Bulletin 
as  an  advertising  medium.  One  concrete  means  however  of  increasing  Association 
receipts  is  in  the  item  of  Membership.  This  can  be  accomplished  by  the  combined  efforts 
and  cooperation  of  all  officers  and  members  of  the  Association  by  constantly  seeking 
to  increase  Association  membership,  and  sustaining  the  level  of  present  membership,  not 
only  in  the  railroad  industry,  but  in  the  railway  supply  industry,  the  consulting  field, 
and  among  qualified  contractors  and  constructors. 

RESEARCH  WORK 

Total  Allotments  for  Research,  Engineering  Division,  AAR,  Exclusive 
OF  Detector  Car  Development  and  Leasing  Service 

1946-1967 

1946 159,510  1957 476,845 

1947 234,428  1958 563,709 

1948 294,840  1959 353,800 

1949 372,457  1960 350,300 

1950 294,045  1961 222,000 

1951 354,770  1962 223,671 

1952 381,400  1963 226,400 

1953 364,100  1964 244,500 

1954 351,307  1965 264,500 

1955 351,653  1966 302,300 

1956 365,050  1967 319,800 

The  budget  for  1967  Engineering  Division  research  approved  by  the  AAR  Board 
of  Directors  at  its  annual  meeting  in  New  York  on  November  18  is  more  than  $17,000 
higher  than  its  1966  counterpart.  The  total  appropriation  is  $370,800,  or  some  5  percent 
above  the   1966  approved  budget  of  $353,300. 

Although  the  upward  trend  is  gratifying,  the  approved  budget  is  some  24  percent 
less  than  the  $485,000  requested  from  the  AAR  by  the  General  Committee  of  the  Engi- 
neering Division.  On  the  other  hand,  the  total  appropriation  does  cover  all  of  the 
projects  for  which  money  was  requested  as  being  the  minimum  amount  necessary  to 
carry  forward  satisfactorily  the   1967  research  work. 

To  simplify  accounting  procedures  the  entire  appropriation  is  not  subdivided  into 
each  individual  project  as  in  past  years;  accounts  will  be  maintained  separately  only 
between  Engineering  Division  Research  Projects  and  Detector  Car  Development. 

The  Research  Department  will  progress  individual  projects  for  AREA-ED  Com- 
mittees, as  they  have  done  in  the  past,  in  accordance  with  the  recommendations  of  the 
Engineering  Division  Research  Committee  and  the  AAR  Research  Consulting  Committee. 
These  projects  are  as  follows: 

List  of  Projects  Included  In  1967  Approved  Engineering  Division  Research  Budget 

Administration  Committee   3 — Ties   and   Wood   Preservation 

Research  Office  Further    Development    of    Prestressed 

Concrete  Ties 
Termite  Control  Investigation 
Committee   1— Roadway  and   Ballast  Anti-Splitting  Devices  for  Ties 

Roadbed  Stabilization  Wood   Deterioration    in    the   Presence 

Ballast  Specification  Development  of  Metal 
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Committee    4 — Rail 

Investigation  of  Failures  in  Rail 
Rail  Failure  Statistics 
Insulated  Rail  Joint  Development 
Shelly  Spots  and  Head  Checks 
Metallurgical  Effects  of  Rail  Cropping 

Methods 
Semi-Automatic  Welding  of  Rail  Bat- 
ter and  Burns 

Committee    5 — Track 

Prestressed     Concrete     Crossing    Frog 

Support 
Specification    Development    for    Tie 

Plate   Fastenings   and  Tie  Pads   for 

Wood  and  Concrete  Ties 
Slide  Plate  Lubrication 
Bridge  Rail  Expansion  Joints 
Protection     of     Butt     Welds     Against 

Corrosion 

Committee    7 — Wood    Bridges   and    Trestles 

Strength  of  Timber  Stringers 
Quantitative    Analysis    of    In-Place 

Treatment  of  Timber  Bridges 
Non-Destructive  Testing  of  Wood 

Committee    8 — Masonry 

Butyl  Rubber  Waterproofing  Mem- 
brane 

Repeated  Load  Strength  of  Concrete 
Under  High  Speed  Impacts 

Strength  of  Prestressed  Concrete 
Bridge  Ties 

Committee    14 — Yards   and   Terminals 

Weighing    Cars   in    Motion 
Rollability  of  Freight  Cars 

Committee    15 — Iron    and    Steel    Structures 

Protection  of  Steel  Surfaces 
Revision  of  Specifications 

Committee    16 — Economics   of    Railway    Loca- 
tion  and    Operation 
Feasibility    of    Determining    Track 
Maintenance  Requirements  by  Digi- 
tal Computer  Analysis 


Committee  24 — Cooperative  Relations  with 
Universities 

Student   Research    Grants 

Committee    30 — Impact    and    Bridge    Stresses 

Steel  Bridges 

Concrete  Bridges 

Calculation  of  Bridge  Stresses  by  Digi- 
tal Computer 

Deflection  and  Depth  Ratios  of 
Bridges 

Committee    31 — Continuous    Welded    Rail 
Butt-Welding  of  Rails 
Anchorage  of  Continuous  Welded  Rai 

Joint  Committee  on  Relations  Between  Track 
and    Equipment 

Relation  of  Wheel  Load  to  Wheel 
Diameter 

Dynamic  Action  of  Piggyback  and 
New  Types  of  Freight  Cars 

Relation  of  High  Center  of  Gravity 
and  Heavy  Loading  to  Derailing  and 
Roll  Action  Including  Some  of  the 
High  Capacity  Cars  of  Recent  De- 
sign 

Effect  on  Curved  Track  of  Diesel 
Locomotives  with  Three  and  Four- 
Axle  Trucks 

Train   Resistance    for   New    Types   of 

Equipment  and  High  Speed  Operation 

Board    Committee   on    Research 

Methods  of  Rail  Flaw  Detection 
Computer  Atmospheric  and  Electronic 
Collaboration 

General    Electrical    Laboratory   and 
Instrumentation 

Detector   Car    Development 

Further  Development  of  Detector  Car 
Testing — Road-Rail  Units  and  Ul- 
trasonic Units 

Technical    Services 

General   Technical  Services 
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LOOKING  AHEAD 

There  are  a  number  of  definite  mileposts  in  the  years  ahead  and  a  few  that  are 
indefinite  at  this  time.  The  most  important  Association  milepost  each  year,  is,  of  course, 
the  Convention.  As  this  issue  of  the  Bulletin  goes  to  press,  the  dates  and  locations  of 
three  Annual  Conventions — 1968,  1969  and  1970 — have  been  finalized  and  negotiations 
are  progressing  on  four  others.  The  latter  action  is  in  line  with  a  recent  Board  directive 
authorizing  the  executive  secretary  to  make  tentative  hotel  reservations  five  or  six 
years  in  advance  and  establishing  the  Palmer  House  as  the  continuing  convention  hotel, 
to  the  maximum  extent  possible,  and  based  upon  its  satisfactory  performance  during 
each  convention,  which  will  be  evaluated  by  the  Board,  the  executive  secretary's  staff 
and  the  General  Convention  Arrangements  Committee  immediately  after  each  convention. 

Here  is  the  pertinent  information  on  the  finalized  conventions: 

1968 — March  18-20 — Palmer  House,  Chicago 

1969 — March  10-12 — Pick-Congress   Hotel,   Chicago 

1970— March  23-25 — Palmer  House 

Members  will  be  interested  in  knowing  that  the  Railway  Engineering — Maintenance 
Suppliers  Association  is  considering  the  possibility  of  holding  an  exhibit  in  conjunction 
with  the  1968  AREA  Annual  Convention,  probably  at  the  International  Amphitheatre 
on  Chicago's  southside.  This  consideration  resulted  from  the  cancellation  of  the  second 
American  Railway  Progress  Exposition  and  the  attendant  exhibit  of  the  Combined  Rail- 
way Suppliers  during  the  week  of  October  8,  1967,  originally  scheduled  to  be  held  at 
McCormick  Place  and  then  at  the  International  Amphitheatre  after  the  former  struc- 
ture was  destroyed  by  fire  on  January  16,  1967.  A  definite  decision  on  a  March  1968 
exhibit  is  expected  to  be  made  at  the  April  11  meeting  of  the  REMSA  Board  of 
Directors. 

A  milepost  in  1967,  and  no  doubt  in  future  years  as  well,  is  the  third  Regional 
Meeting  of  the  Association.  This  one  will  be  held  in  the  Central  Southwest  at  a  loca- 
tion and  on  a  date  this  fall  yet  to  be  selected,  with  the  attendance  being  drawn  from 
members  and  non-members  living  in  that  area  or  working  for  railroads  serving  it.  The 
meeting  is  being  planned  under  the  general  direction  of  AREA  Director  F.  H.  Mc- 
Guigan,  assistant  engineer  of  structures,  Missouri  Pacific  Railroad,  who  is  chairman  of 
the  Special  Board  Committee  on  Regional  Meetings.  The  general  format  of  the  meeting 
will  follow  that  established  for  the  first  such  event  at  Portland,  Ore.,  in  October  1965 
and  the  second  at  Jacksonville,  Fla.,  last  year. 

Your  officers  and  directors  hope  that  one  of  the  main  accomplishments  in  the  1967 
Association  year  will  be  a  significant  increase  in  membership,  and  they  earnestly  solicit 
the  efforts  and  assistance  of  each  AREA  member  in  achieving  that  end. 

One  piece  of  knowledge  pervades  the  deliberations  of  the  membrs  of  the  Board 
of  Direction — the  future  of  the  Association  is  in  the  hands  of  each  and  every  member. 
The  AREA  will  grow  only  if  the  present  members  stimulate  interest  in  it  on  the  part 
of   their  friends  and  associates,  and  its  work  will  be  accomplished  only   through  the 
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dedication  of  the  members  in  making  positive  contributions  to  the  work  of  the  tech- 
nical committees,  which  is  the  heart  of  AREA  activity. 

Your  association  long  has  been  a  dynamic  force  in  our  great  industry,  and  it  will 
continue  to  be  only  by  the  unswerving  devotion  and  dedication  of  a  large  number  of 
individuals,  and  the  understanding  and  permission  of  their  managements.  After  all,  the 
individuals  and  their  companies  are  the  ultimate  beneficiaries  of  the  work  and  accom- 
plishments of  the  American  Railway  Engineering  Association. 


Respectfully    submitted, 


Earl  W.  Hodgkins, 

Executive  Secretary. 


Beccafifeb  Mtmbtxa 

F.    E.   AUSTERMAN    (M    '36) 
Chief  Engineer,  Chicago  Union  Station  Company,  Chicago,  III. 

J.  H.  Aydelot  (M  '47) 

Retired   Vice    President,   Operations   &   Maintenance  Dept.,   Association   of   American   Railroads, 

708  So.  Stone  Ave.,  La  Grange,  111. 

V.  A.  Bennett  (M  '21)* 
Retired   District   Engineer,   Northern   Pacific   Ry.,   4424   North   33rd   Place,    Phoenix,   Ariz. 

C.  M.  Cannon  (M  '21)* 
Retired   Division    Engineer,    Seaboard   Air   Line   RR,   4203    Palmira,    Tampa,    Fla. 

E.  W.  Caruthers  (A  '27) 
Special  Engineer,  Eaton  Manufacturing  Co.,  Secane,  Pa. 

H.  M.  Church  (M  '09)* 

Retired   General   Supervisor  Bridges  &   Buildings,   Chesapeake  &  Ohio  Railway, 

S09  No.  Boulevard,  Apt.  1,  Richmond,  Va. 

J.  J.  Clutz   (M   '30) 
Director  of  Research,   Pennsylvania  Railroad,   Philadelphia,  Pa. 

C.  J.  Code  (M  '42) 
Retired    .Assistant    Chief    Engineer,    Pennsylvania    Railroad,    Box    283,    Devon,    Pa. 

VV.  L.  Darden  (M  '15)* 
Retired  Engineer  of  Buildings,  Seaboard  Air  Line  RR,   1401   Westover  Avenue,  Norfolk,   Va. 

H.  A.  Dixon  (M  '16) 

Retired  Chief  Engineer,   Operations,   Canadian  National  Railways,   21   Rochester  .^pts., 

66  Edmonton  St.,  Winnipeg,  Man.,  Can. 

R.  A.  Emerson  (M  '45) 
President   and   Chief  Operating  Officer,   Canadian   Pacific  Railway,   Montreal,  Que.,   Can. 
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H.  C.  Fox  (M  '56) 

Process    Engineer,    Southern    Railway,    Atlanta,    Ga. 

W.  S.  Gates,  Jr.  (M  '50) 

Comptroller   and    Business   Manager,    Eastern    Christian   College,    Bel   Air,   Md., 

(Retired  Asst.   to  Auditor,   Chicago  &  Illinois  Midland  Ry.) 

G.  H.  Gilbert  (M  '11) 
Retired   Engineer   Bridges,   Southern   Railway  System,   Western   Lines,   2373   Harrison  Ave., 

Cincinnati,    Ohio 

W.  H.  Giles  (M  '20) 
Retired   Asst.    Chief   Engineer,    Missouri    Pacific   RR,    3715    Noesho  St.,    St.   Louis,    Mo. 

R.  W.  Gilmore  (M  '25)* 
Retired    General    Bridge   Inspector,    Baltimare    &    Ohio   RR,    209    Staton    Ave.,   Terrace   Park,    Ohio 

A.    T.    GOLDBECK    (A    '29) 
Retired    Engineering    Director,    National    Crushed    Stone    Assn.,    7105    Beechwood    Drive, 

Chevy   Chase,   Md. 

A.  T.  Granger  (M  '49) 
Prof,    of    Civil    Engineering,    University    of    Tennessee,    Knoxville,    Tenn. 

Paul  Hamilton  (M  '05) 
Retired   District   Engineer,    New    York    Central    System,    715    East   Main    St.,    Greensburg,    Ind. 

R.  P.  Hart  (M  '24) 
Retired    Vice    President,    Missouri-Pacific    Railroad,    7976    Big    Bend,    St.    Louis,    Mo. 

M.  J.  Hassan  (A  '48) 

Vice-President    of    Engineering    and    Operations,    Trackwork    Division,    Taylor-Wharton 

Iron   &   Steel    Co.,    Cincinnati,   Ohio 

A.  T.  Hawk  (M  '11) 

Retired    Engineer   Architect,    Chicago,   Rock   Island   &   Pacific   RR,    4422    Camellia  Ave., 

North    Hollywood,    Calif. 

G.  R.  Haworth  (M  '25) 
Retired   Vice   President   and   General   Manager,   Western   Maryland  Ry.,   300   Broadmoor  Rd., 

Baltimore,  Md. 

J.  L.  Hodgkinson  (M  '59) 
Division    Engineer,    Denver    &   Rio    Grande   Western   RR,    Arvado,    Colo. 

Jack  Hoge  (M  '61) 
Principal   Asst.    Engineer,    Ft.   Worth   &   Denver    Ry.,    Ft.   Worth,   Tex. 

F.  J.  Jerome  (M  '28) 
Retired   Vice   President,   New   York   Central   System,   2733    N.   E.    17th  St.,   Ft.   Lauderdale,   Fla. 

W.  W.  JUDSON   (M   '29) 
Retired    Vice    President   Maintenance   and   Operations,    Northern    Pacific   Ry.,    16530    Lucky   Road, 

Los  Gatos,  Calif. 

R.  H.  Kugler   (M  '21) 

Retired   Engineer   of   Construction,    New   York   Central   System,    12    Vassar   Place, 

Scarsdale,  N.  Y. 

R.  B.  Little  (A  '61) 
Sales   Manager,    Eaton    Yale   &   Towne,    Inc.,    Reliance   Div.,    25    Charles   Ave.,    S.E., 

Massillion,  Ohio 
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E.  C.  Macy  (M  '99) 
808   Ridgewood  Ave.,   Ames,   Iowa 

R.  J.  Morton   (M   '40) 
President   and    General    Manager,    Chattahooche    Valley    Ry.,    West    Point,    Ga. 

F.  U.  Mayhew  (M  '20)* 

Retired    Chief    Engineer,    Minneapolis,    Northfield    &    Southern    Ry. ;    Minnesota    Western    Ry.; 

3829   Chicago  Ave.,   Minneapolis,   Minn. 

J.   F.   McCURDY    (M    '26) 
Retired    Division    Engineer,    St.    Louis    Southwestern    Ry.,    1401    Poplar    St.,    Pine    Bluff,    Ark. 

L.  V.  MuRROw  (M  '46) 

President,    Transportation    Consultants,    Inc.,    1250    Connecticut    .\ve.,    N.    W.,    W;t<hington,    D.    C. 

H.  A.  Pasman  (M  '30) 
Retired    Resident    Engineer,    Erie    Railroad,    572    Smith    St.,    Meadville,    Pa. 

G.  W.  Payne  (M  '13) 
Retired   Senior   .\sst.   Engineer,   Missouri   Pacific   RR,   410  West   S3rd  St.,   North   Little  Rock,   Ark. 

VVm.  D.  Peed  (M  '64) 
Assistant    Bridge    Engineer,    Louisville    &    Nashville    RR,    Louisville,    Ky. 

B.  R.  Perkins  (M  '51) 

Senior   Engineer,    Sverdrup   &    Parcel   and   Associates,    Inc.,   915    Olive   St.,   St.   Louis,   Mo. 

VV.  C.  Perkins  (M  '28) 

Retired  Chief  Engineer,  Union  Pacific  Railroad,   Portland,   Ore. 

M.  N.  Quade   (M  '52) 
Chairman    of    the   Board,    Parsons,    Brinkerhoff,    Quade   and   Douglas,    165    Broadway,   New    York 

J.  W.  Reid   (A  '12) 
69    Maw    Drive,    North    Plainfield,    N.    J. 

C.  S.  Robinson   (M  '25) 

Retired   Assistant   Chief    Engineer,    Boston   &    Maine   RR;    Maine   Central    RR,   301    Richards   Drive, 
Grandview  Terrace,  Clearwater,  Fla. 

J.  G.  Roney   (M   '18) 
Retired   Asst.   Engineer,    Texas   &   Pacific   Ry.,   6935   Lindsley   Ave.,   Dallas,   Tex. 

R.  W.  Ross   (M   '21) 

Retired   Engineer   Maintenance,    Canadian    National    Rys.,    3526    Lakeshore   Road, 

Kelowna,   B.   C,   Can. 

N.  A.  S.XLZANO  (M  '48) 
Project    Engineer,    Baltimore    &    Ohio    Railroad,    Cincinnati,    Ohio 

A.  A.  Shillander  (M  '24) 

Retired   .Assistant   Engineer,    Illinois    Central    Railroad,    616   No.    Guadalupe   Ave., 

Rodondo  Beach,  Calif. 

E.  W.  Sdvipson  (M  '63) 

Bridge   Engineer,    Coast    Lines,    Atchison,   Topeka   &    Santa   Fe    Ry.,    Los    Angeles,    Calif. 

E.  F.  Snyder  (M  '48) 

Assistant  to  Chief  Engineer,  Illinois  Central  Railroad,  Chicago,  111. 
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W.  G.  Stagge  (M  '46) 
Division  Engineer,  Baltimore  &  Ohio  Railroad,  Baltmore,  Md. 

A.  F.  Trimble  (M  '11)* 
Consulting    Engineer,    82    North    Harrison    Ave.,    Bellevue,    Pittsburgh,    Pa. 

R.  J.  Turk  (M  '61) 

Electrical  Engineer  Systems,  Great  Northern  Railway,  St.  Paul,  Minn. 

F.  G.  Walter  (M  '20)* 
Retired   Asst.    to   Division    Engineer,    Illinois    Central   Railroad,    100   Laurel   Road,    Chagrin    Falls,   Ohio 

H.  N.  Wilcox  (M  '55) 
Bridge   Engineer,    U.    S.    Bureau   of    Public   Roads,    Washington,    D.    C. 
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FINANCIAL  STATEMENT  FOR  CALENDAR  YEAR 
ENDING  DECEMBER  31,  1966 

RECEIPTS 
Balance  on  Hand  January  1,  1966 Sl57,:il().80 

Membership  Account 

Entrance  Fees $  2,050.00 

Dues 43,711.00     $-45,761  .00 

Sale  of  Publications 

Proceedings $   1 ,864.30 

Bulletins 2,066.82 

Manuals 11,768.07 

Track  Plans 3,766.69 

Specifications 598 .  29 

Brochure 912.50     $20,976.67 

Advertising 

Publications $  5,581 .59 

Convention  Registration  Fees 2,471 .90 

Interest  Account 

Interest  on  Investments $  4,682. 12 

Interest  on  Special  Account 568.43     $  5,250.55 

Miscellaneous $  4,549.20 

Total $84,590.91 

DISBURSEMENTS 

Salaries $26,564.16 

Bulletins  and  Proceedings 21 ,432 .  78 

Stationery  and  Printing 2 ,345 .  54 

Rent 1,140.00 

Postage 2,374.27 

Supplies 544.05 

Audit 400.00 

Pensions. 4,900. 13 

Social  Security,  Insurance,  Etc 1 ,  673 .  28 

Manual 5,618. 10 

Refunds 78. 13 

Committee  and  Officers  Expenses 944.38 

News  Letter 2,061 .87 

Annual  Meeting 4,309.43 

Brochures 106.00 

Miscellaneous 652 .  57 

Track  Plans 1 ,415.20 

E.xtraordinary 3,894. 11 

Total. . $80,454.00 

Excess  of  Receipts  over  Disbursements $     4, 136.91 

Balance  on  hand  December  31,  1966 $161 ,447.71 

Loss  on  Sale  of  Bonds 5,779.59 

$155,668.12 
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REPORT  OF  THE  TREASURER 

To  THE  Members: 

Balance  on  Hand,  January  1,  1966 $157,310.80 

Receipts  during  1966 $  84,022.48 

**Paid  out  on  Audited  Vouchers 80,454.00 

Loss  on  Sale  of  Securities 5,779.58 

Interest  on  Savings  Account 568 .  43 

Excess  of  Disbursements  and  Loss  on  Securities $     1 ,642.68 

Balance  on  Hand  December  31,  1965 $155,668. 12 

Consisting  of: 

Bonds  at  cost $131,715.01 

Cash  in  Northern  Trust  Company 7,953. 10 

*Special  deposit  in  Northern  Trust 15,975.01 

Petty  Cash 25.00     $155,668. 12 


♦Including  earned  interest  of  $568.43. 
**Not  including  fund  transfers. 


We  have  made  an  examination  of  the  accounts  of  the  American  Railway  Engineering 
Association  for  the  year  ending  December  31,  1966,  and  found  them  to  be  in  accordance 
with  the  foregoing  statement. 


C.  H.  Colby, 
C.  A.  BiCK, 

Auditors. 


GENERAL  BALANCE  SHEET 


Assets: 

1966  1965 
Cash  in  Northern  Trust  Co. 

Commercial  Account $     7,953.10     $  (1,332.26) 

Special  Account 15,406.58  10,086.50 

Interest  on  Special  Account 568.43  319.99 

Petty  Cash 25.00  25.00 

Due  from  Members 90.00  90.00 

Due  from  Sale  of  Publications 18.00  26.60 

Due  from  Advertising 261 .80  833.80 

Prepaid  Postage 55 .  17  52 .  88 

Furniture  and  Fixtures 1 ,000.00  \  ,000 .00 
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Inventories: 

Publications  (estimated) 500.00  500.00 

Manuals 1,859.00  5,218.00 

Track  Plans 595.00  1 ,7:^2.00 

Binders,  Indexes  and  Chapters 75 .  00  100 .  00 

Investments  (cost) 131,715.01  148,211.48 

Interest  Accrued  on  Investments 958.64  781 .  13 


Totals $1(51,080.73     $1(57,645.21 


Liabilities: 

Members  dues  paid  in  advance $         763.50     $         381 .25 

Surplus 160,317.03       167,263.96 


Totals $161,080.53     $167,645.21 


STATEMENT  OF   CASH   RECEIPTS  AND  DISBURSEMENTS 

YEAR    1966 

Commercial  Special 

Account  Account 

Cash  in  Bank,  January  1,  1965 (dr)  $     1,332.26     $   10,406.58 


Receipts: 

From  members,  sales  of  publications,  interest,  etc $  84,022.48 

Transfer  of  funds  bj'  Audited  \'ouchers 5,000.00 

Sale  of  Securities 716.88) 

10,000.00) 
Interest  on  deposits  in  Savings  Account 568.43 


$  94,739.36     $  15,975.01 

Disbursements: 

Transfer  of  funds— Voucher  96 $  5,000.00 

Audited  Vouchers 80,454.00 

Excess  of  Receipts  over  Disbursements $     9,285.36 

Cash  in  Bank  December  31,  1966 $     7,953. 10     $   15,975.01 


(   )  Denotes  red  figures. 


American  Railway  Engineering 
Association 


CONSTITUTION 

Revised  to  March  8,  1967 


Article  I 
Name,  Object  and  Location 

1.  Name 

The  name  of  this  Association  shall  be  the  AMERICAN  RAILWAY  ENGINEERING 
ASSOCIATION. 

2.  Object 

The  object  of  the  Association  shall  be  the  advancement  of  knowledge  pertaining 
to  the  scientific  and  economic  location,  construction,  operation  and  maintenance  of 
railways. 

3.  Means  to  be  Used 

The  means  to  be  used  for  this  purpose  shall  be: 

(a)  The  investigation  of  matters  pertaining  to  the  object  of  the  Association  through 
Study  and  Research  Committees. 

(b)  Meeting  for  the  presentation  and  discussion  of  papers,  and  for  action  on  the 
recommendations  of  committees. 

(c)  The  publication  of  papers,  reports  and  discussions. 

4.  Conclusions 

The  conclusions  adopted  by  the  Association  shall  be  recommendatory. 

5.  Location 

The  office  of  the  Association  shall  be  located  in  Chicago,  111. 

Article  II 

Membership 

1.  Classes 

The  membership  of  this  Association  shall  be  divided  into  five  classes:  Members, 
Life  Members,  Honorary  Members,  Associates  and  Junior  Members. 

2.  Qualifications 

A.  General 

(a)  An  applicant  to  be  eligible  for  membership  in  any  class  other  than  that  oi 
Junior  Member  shall  be  not  less  than  25  years  of  age. 
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(b)  To  be  eligible  for  membership  in  any  class,  or  for  retention  of  membership  as  a 
Member,  an  Associate  or  a  Junior  Member,  a  person  shall  not  be  engaged  directly  or 
primarily  in  the  sale  to  the  railways  of  appliances,  supplies,  patents  or  patented  services. 

(c)  The  right  to  membership  shall  not  be  terminated  by  retirement  from  active 
service. 

(d)  In  determining  the  eligibility  for  membership  in  any  class,  graduation  in  engineer- 
ing from  a  school  of  recognized  standing  shall  be  considered  as  equivalent  to  three  years 
of  active  practice,  and  satisfactory  completion  of  each  year  of  work  in  such  school, 
without  graduation,  shall  be  considered  as  equivalent  to  one-half  year  of  active  practice. 

(e)  In  determining  the  eligibility  for  Member  under  Section  B  (a)  of  this  Article, 
each  year  of  practical  experience  in  engineering,  or  in  science  related  thereof,  prior  to 
employment  on  a  railway,  if  such  experience  were  of  the  same  specialized  character  as 
the  current  work  of  the  applicant,  shall  be  considered  as  equivalent  to  one  year  of 
railway  service. 

B.  Member 

A  Member  shall  be: 

(a)  A  railway  engineer  or  officer  who  has  had  not  less  than  five  years'  experience 
in  the  location,  construction,  operation  or  maintenance  of  railways  and  who  is  employed 
by  a  common-carrier  railway  corporation,  by  an  approved  association  of  railroads  or 
railway  engineers  or  officers,  or  by  a  non-common-carrier  railway  if  his  primary  duties 
consist  entirely  or  primarily  of  the  location,  construction,  operation  or  maintenance  of 
a  railway  plant  and  facilities. 

(b)  A  dean,  professor,  assistant  professor,  or  equivalent  in  engineering  in  a  university 
or  college  of  recognized  standing,  or  an  instructor  or  equivalent  in  such  university  or 
college,  who,  with  an  engineering  degree,  has  had  at  least  two  years'  experience  in 
teaching  engineering. 

(c)  An  engineer  or  member  of  a  public  board,  commission  or  other  official  agency 

who,  in  the  discharge  of  his  regular  duties,  deals  with  railway  problems. 

(d)  An  editor  of  a  trade  or  technical  magazine  who,  in  the  discharge  of  his  regular 
duties,  deals  with  railway  problems,  and  who  has  had  the  equivalent  of  five  years' 
engineering  or  railway  experience. 

(e)  A  consulting  engineer  or  contractor,  or  an  engineer  in  their  employ,  engaged  in 
the  engineering,  construction  and  maintenance  of  railroad-related  facilities  or  an  engineer 
employed  by  a  technical  service  or  research  and  development  organization  who  has  had 
the  equivalent  of  five  years'  engineering  experience. 

(f)  An  officer  or  engineer  of  an  engineering  or  scientific  society  or  association 
whose  aims  and  objectives  are  compatible  with  the  aims  and  objectives  of  this 
association. 

C.  Life  Member 

A  Life  Member  shall  be  a  Member  or  an  Associate  who  has  paid  dues  for  35  years, 
or  who  has  been  retired  under  a  recognized  retirement  plan  and  has  paid  dues  for  not 
less  than  25  years. 

D.  Honorary  Member 

(a)  An  Honorary  Member  shall  be  a  person  of  acknowledged  eminence  in  railways 
engineering  or  management. 

(b)  The  number  of  Honorary  Members  shall  be  limited  to  ten. 
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E.  Associate 

An  Associate  shall  be: 

(a)  A  member  of  a  railway  supply  company  or  association  who  meets  the  qualifica- 
tions of  Section  2,  Paragraph  A  (a)  and  (b). 

(b)  A  person  qualified  by  training  and  experience  to  cooperate  with  Members  in  the 
object  of  this  Association,  but  who  is  not  quahfied  to  become  a  Member. 

F.  Junior  Member 

(a)  A  Junior  Member  shall  be  not  less  than  21  years  of  age,  shall  have  had  not 
less  than  three  years'  experience  in  the  location,  construction,  operation  or  maintenance 
of  railways,  and  shall  be  an  employee  of  a  railway  corporation,  or  one  of  the  organiza- 
tions or  institutions  listed  under  Section  B  of  this  Article,  or  a  railway  supply  company 
if  he  qualifies  under  Section  2,  Paragraph  A  (b)   of  this  Article. 

(b)  His  membership  in  this  classification  in  the  Association  shall  terminate  at  the 
end  of  the  calendar  year  in  which  he  becomes  30  years  of  age. 

(c)  He  may  make  application  for  membership  other  than  as  a  Junior  Member  at 
any  time  when  he  becomes  eligible  to  do  so. 

3.  Transfers 

The  Board  of  Direction  shall  transfer  from  one  class  of  membership  to  another, 
or  may  remove  from  membership,  any  person  whose  qualifications  so  change  as  to 
warrant  such  action. 

4.  Rights 

(a)  Members,  and  Life  Members  who  were  formerly  Members,  shall  have  all  the 
rights  and  privileges  of  the  Association.  Life  Members  who  were  formerly  Associates 
shall  continue  to  have  all  the  rights  and  privileges  of  Associates. 

(b)  Honorary  Members  shall  have  all  the  rights  and  privileges  of  the  Association 
except  those  of  holding  elective  office,  provided,  however,  that  Members  or  Life  Members 
who  are  elected  Honorary  Members  shall  retain  all  the  rights  and  privileges  of  the 
Association. 

(c)  Associates  and  Junior  Members  shall  have  all  the  rights  and  privileges  of  the 
Associa!tion  except  those  of  voting  and  holding  elective  office. 


Article  III 
Admission,  Resignation,  Expulsion  and  Reinstatement 

1.  Charter  Membership 

The  Charter  Membership  of  this  Association  consists  of  all  persons  elected  to  mem- 
bership before  March   IS,  1900. 

2.  Application  for  Membership 

(a)  A  person  desirous  of  membership  in  this  Association  shall  make  application 
upon  the  form  provided  by  the  Board  of  Direction.  In  the  event  that  Junior  Membership 
is  desired,  the  applicant  shall  so  state. 

(b)  The  applicant  shall  give  the  names  of  at  least  three  Members  of  this  Asso- 
ciation to  whom  personally  known.  Each  of  these  Members  shall  be  requested  by  the 
Executive  Secretary  of  the  Association  to  certify  to  a  personal  knowledge  of  the  applicant 
with  an  opinion  of  the  applicant's  qualifications  for  membership. 
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(c)  If  an  applicant  is  not  personally  known  to  as  many  as  three  Members  of  this 
Association,  the  names  of  well-known  persons  engaged  in  railway  or  allied  professional 
work  to  whom  he  is  personally  known  shall  be  substituted,  as  necessary,  to  provide  a 
total  of  at  least  three  references.  Each  of  these  persons  shall  be  requested  by  the  Executive 
Secretary  of  the  Association  to  certify  to  a  personal  knowledge  of  the  applicant,  with  an 
opinion  of  the  applicant's  qualifications  for  membership. 

(d)  No  further  action  shall  be  taken  upon  the  application  until  replies  have  been 
received  from  at  least  three  of  the  persons  named  by  the  appHcant  as  references. 

3.  Election  to  Membership 

(a)  Upon  completion  of  the  application  in  accordance  with  Section  2  of  ihis  Article 
the  Board  of  Direction  through  its  Membership  Committee  shall  consider  the  application 
and  make  such  investigation  as  it  may  consider  desirable  or  necessary. 

(b)  Upon  completion  of  such  consideration  and  investigation,  each  member  of  the 
Board  of  Direction  shall  be  supplied  with  the  required  information,  together  with  the 
recommendation  of  the  Membership  Committee  as  to  the  class  of  membership,  if  any, 
to  which  the  applicant  is  ehgible,  and  the  admission  of  the  applicant  shall  be  canvassed  by 
ballot  among  the  members  of  the  Board  of  Direction. 

(c)  In  the  event  that  an  application  has  been  made  under  the  provisions  of  Section 
2,  Paragraphs  (a)  and  (b)  of  this  Article,  a  two-thirds  affirmative  vote  of  the  entire 
Board  of  Direction  shall  be  required  for  election. 

(d)  In  the  event  that  an  application  has  been  made  under  the  provision  of  Section 
2,  Paragraphs  (a)  and  (c)  of  the  Article,  a  unanimous  affirmative  vote  of  the  entire 
Board  of  Direction  shall  be  required  for  election. 

4.  Subscription  to  the  Constitution 

An  appUcant  for  any  class  of  membership  in  this  Association  shall  declare  his  willing- 
ness to  abide  by  the  Constitution  of  the  Association  in  his  application  for  membership. 

5.  Honorary  Member 

A  proposal  for  Honorary  Membership  shall  be  endorsed  by  ten  or  more  Members 
of  the  Association  and  a  copy  furnished  each  member  of  the  Board  of  Direction.  The 
nominee  shall  be  declared  an  Honorary  Member  upon  receiving  a  unanimous  vote  of  the 
entire  Board  of  Direction. 

6.  Resignation 

The  Board  of  Direction  shall  accept  the  resignation,  tendered  in  writing,  of  any 
person  holding  membership  in  the  Association  whose  obligations  to  the  Association  have 
been  fulfilled. 

7.  Expulsion 

Charges  of  misconduct  on  the  part  of  anyone  holding  membership  in  this  Association, 
if  in  writing  and  signed  by  ten  or  more  Members,  may  be  submitted  to  the  Board  of 
Direction  for  examination  and  action.  If,  in  the  opinion  of  the  Board  action  is  war- 
ranted, the  person  complained  of  shall  be  served  with  a  copy  of  such  charges  and  shall 
be  given  an  opportunity  to  answer  them  to  the  Board  of  Direction.  After  such  oppor- 
tunity has  been  given,  the  Board  of  Direction  shall  take  final  action.  A  two-thirds 
affirmative  vote  of  the  entire  Board  of  Direction  shall  be  required  for  expulsion. 
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8.  Reinstatement 

(a)  A  person  having  been  a  Member,  an  Associate  or  a  Junior  Member  of  this 
Association  and  having  resigred  such  membership  while  in  good  standing  may  be 
reinstated  by  a  two-thirds  affirmative  vote  of  the  entire  Board  of  Direction. 

(b)  A  person  having  been  a  Member,  an  Associate  or  a  Junior  Member  of  this 
Association  and  having  forfeited  membership  under  the  provisions  of  Article  IV,  Section 
3,  may,  upon  such  conditions  as  may  be  fixed  by  the  Board,  be  reinstated  by  a  two-thirds 
affirmative  vote  of  the  entire  Board  of  Direction. 


Article  IV 

Dues 

1.  Entrance  Fee 

(a)  An  entrance  fee  of  $10  shall  be  payable  to  the  Association  with  each  application 
for  membership  other  than  Junior  Membership.  This  sum  shall  be  returned  to  an  applicant 
not  elected. 

(b)  An  entrance  fee  of  $5  shall  be  payable  to  the  Association  with  each  application 
for  Junior  Member,  which  sum  shall  be  returned  to  an  applicant  not  elected.  When  a 
Junior  Member  transfers  to  the  Member  or  Associate  Member  class  the  previously  paid 
$5  entrance  fee  shall  be  credited  towards  the  entrance  fee  for  the  class  to  which  trans- 
ferring. However,  the  Junior  Member  entrance  fee  shall  not  be  returnable  should  the 
individual  resign  from  the  Association  or  allow  his  membership  to  lapse.  Neither  shall 
it  be  applicable  to  the  dues  for  any  year. 

2.  Annual  Dues 

(a)  The  annual  dues  for  each  Member  and  each  Associate  shall  be  $15. 

(b)  The  annual  dues  for  each  Junior  Member  shall  be  $5. 

(c)  Life  Members  and  Honorary  Members  shall  be  exempt  from  the  payment  of 
dues.  Life  Members  desiring  to  continue  to  receive  the  Bulletins  and  Proceedings  of  the 
Association  may  do  so  by  paying  a  subscription  fee  prescribed  by  the  Board  of  Direction 

3.  Arrears 

A  person  whose  dues  are  not  paid  before  April  1  of  the  current  year  shall  be  notified 
by  the  Executive  Secretary.  If  the  dues  are  still  unpaid  on  July  1,  further  notice  shall  be 
given,  informing  the  person  that  he  is  not  in  good  standing  in  the  Association.  If  the  dues 
remain  unpaid  by  October  1,  the  person  shall  be  notified  that  he  will  no  longer  receive 
the  pubUcations  of  the  Association.  If  the  dues  are  not  paid  by  December  31,  the  person 
shall  forfeit  membership  without  further  action  or  notice,  except  as  provided  for  in 
Section  4  of  this  Article. 

4.  Remission  of  Dues 

The  Board  of  Direction  may  extend  the  time  of  payment  of  dues,  and  may  remit 
the  dues  of  any  Member,  Associate  or  Junior  Member  who,  for  good  reason,  is  unable 
to  pay  them. 

Article  V 

Officers 
1.  Officers 

(a)  The  officers  of  the  Association  shall  be  a  President,  two  Vice  Presidents, 
twelve  Directors,  an  Executive  Secretary  and  a  Treasurer. 
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(b)  The  President,  the  \'ice  Presidents,  the  Directors  and  the  two  Past  Presidents 
on  the  Board  of  Direction  shall  be  Members  and  shall  act  as  the  trustees  and  have  the 
custody  of  all  property  belonging  to  the  Association. 

(c)  The  Executive  Secretary  and  the  Treasurer  shall  be  appointed  by  the  Board  of 
Direction. 

2.  Term  of  Office 

The  term  of  office  of  the  President  shall  be  one  year,  of  the  Vice  Presidents  two 
years  and  of  the  Directors  three  years.  The  term  of  each  shall  begin  at  the  close  of 
the  annual  convention  at  which  elected  and  continue  until  a  successor  is  qualified. 
All  other  officers  and  employees  shall  hold  office  or  position  at  the  pleasure  of  the  Board 
of  Direction. 

3.  Officers  Elected  Annually 

(a)  There  shall  be  elected  at  each  annual  convention  a  President,  one  Vice  President 
and  four  Directors. 

(b)  The  candidates  for  President  and  for  Vice  President  shall  be  selected  from 
the  members  or  past  members  of  the  Board  of  Direction. 

4.  Conditions  of  Re-election  of  Officers 

A  President  shall  be  ineligible  for  re-election,  e.xcept  as  provided  for  in  Section  S  (e) 
of  this  Article.  Vice  Presidents  and  Directors  shall  be  ineligible  for  re-election  to  the  same 
office,  except  as  provided  for  in  Section  5  (e)  of  this  Article,  until,  at  least  one  full 
term  has  elapsed  after  the  end  of  their  respective  terms. 

5.  Vacancies  in  Offices 

(a)  If  a  vacancy  should  occur  in  the  office  of  President,  as  set  forth  in  Section  6 
of  this  Article,  the  senior  Vice  President  shall  immediately  and  automatically  become 
President  for  the  unexpired  term. 

(b)  If  a  vacancy  should  occur  in  the  office  of  the  senior  Vice  President,  due  to 
advancement  under  Section  5  (a)  of  this  Article,  or  for  reasons  set  forth  in  Section  6 
of  this  Article,  the  junior  Vice  President  shall  automatically  become  senior  Vice  President 
for  the  unexpired  term. 

(c)  If  a  vacancy  should  occur  in  the  office  of  the  junior  Vice  President,  due  to 
advancement  under  Section  5  (b)  of  this  Article,  or  for  reasons  set  forth  in  Section  6 
of  this  Article,  the  Board  of  Direction  shall  by  the  affirmative  vote  of  two-thirds  of  its 
entire  membership,  select  a  junior  Vice  President  from  the  members  or  past  members 
of  the  Board  of  Direction. 

(d)  A  vacancy  in  the  office  of  Director,  due  to  advancement  of  a  Director  to  junior 
Vice  President  under  Section  5  (c)  of  this  Article,  or  for  reasons  set  forth  in  Section  6 
of  this  Article,  shall  be  filled  by  the  Board  of  Direction  by  the  affirmative  vote  of 
two-thirds  of  its  entire  membership. 

(e)  An  incumbent  in  any  office  for  an  unexpired  term  shall  be  eligible  for  re-election 
to  the  ofiice  held ;  provided,  however,  that  anyone  selected  to  fill  a  vacancy  as  Director 
shall  be  eligible  for  election  to  that  office,  excepting  that  such  appointee  filling  out  an 
unexpired  term  of  two  years  or  more  shall  be  considered  as  coming  within  the  provisions 
of  Section  4  of  this  Article. 
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6.  Vacation  of  Office 

(a)  In  the  event  of  the  death  of  an  elected  officer,  or  his  resignation  from  office, 
or  if  he  should  cease  to  be  a  Member  of  the  Association  as  provided  in  Section  2  (B), 
Article  II;  Section  6  or  7,  Article  III;  or  Section  3,  Article  IV,  the  office  shall  be  con- 
sidered as  vacated. 

(b)  In  the  event  of  the  disability  of  an  officer  or  neglect  in  the  performance  of  duty 
by  an  officer,  the  Board  of  Direction,  by  the  affirmative  vote  of  two-thirds  of  its  entire 
membership  shall  have  the  power  to  declare  the  office  vacant. 


Article  VI 

Nomination  and  Election  of  Officers 

1.  Nominating  Committee 

(a)  There  shall  be  a  Nominating  Committee  composed  of  the  five  latest  living  Past 
Presidents  of  the  Association,  who  are  Members,  and  five  Members  who  are  not 
officers. 

(b)  The  five  Members  who  are  not  Past  Presidents  shall  be  elected  annually  for  a 
term  of  one  year,  when  the  officers  of  the  Association  are  elected. 

(c)  The  senior  Past  President  who  is  a  member  of  the  committee  shall  be  the 
chairman  of  the  committee.  In  the  absence  of  the  senior  Past  President  from  a  meeting 
of  the  committee   the   Past   President   next   in   seniority   present   shall   act   as  chairman. 

(d)  If  one  or  more  Past  Presidents  are  unable  to  act  as  members  of  the  committee 
through  disability,  the  President  shall  have  the  authority  to  appoint  an  equivalent  num- 
ber of  eligible  next  senior  Past  Presidents  to  the  committee  as  ordinary  members. 

(e)  If  one  or  more  elected  members  of  the  committee  are  unable  to  act,  through 
death  or  disability,  the  President  shall  have  the  authority  to  appoint  as  replacements  an 
equivalent  number  of  the  senior  unsuccessful  candidates  for  election  to  the  committee. 

2.  Method  of  Nominating 

(a)  At  least  three  months  prior  to  the  annual  convention,  the  Chairman  shall  call 
a  meeting  of  the  committee  at  a  convenient  place,  at  which  nominees  for  the  several 
elective  offices  shall  be  selected  as  follows: 

Number  of  Candi- 

Number  of  Candi-  dates  to  be 

dates  to  be  named  elected  at  the 

by  the  Nominating  Annual  Election 

Office  to  be  Filled                                            Committee  of  Officers 

President    1  1 

Vice    President    1  1 

Directors    8  4 

Nominating  Committee    10  S 

(b)  The  nominations  for  Director  shall  maintain  the  territorial  balance  prescribed 
in  Article  VII,  Section  1,  Paragraph  (b),  to  the  maximum  extent  practicable.  In  this 
connection,  the  nominations  for  Director  shall  be  predicated,  insofar  as  practicable,  on 
the  following  three-year  repeating  pattern  of  Director  positions  to  ensure  adequate 
territorial  distribution: 
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First  Year  Second  Year  Third  Year 

East— 2  East— 1  East— 1 

South— 1  West— 2  South— 1 

West— 1  Canada— 1  West— 2 

Nominations  in  any  one  year  shall  be  double  the  number  of  positions  available  for 
each  district  that  year,  with  the  nominations  listed  separately  by  districts. 

(c)  The  elected  members  of  the  Nominating  Committee  each  year  shall  include 
one  from  each  district  represented  on  the  Board  of  Direction  and  one  at-large  member. 
Nominations  in  any  year  shall  be  double  the  number  of  positions  available  for  each 
district,  with  the  nominations  listed  separately  by  districts. 

(d)  The  Chairman  of  the  Nominating  Committee  shall  send  the  names  of  the 
nominees  to  the  President  and  Executive  Secretary  within  IS  days  after  the  meeting 
of  the  Nominating  Committee,  and  the  Executive  Secretary  shall  report  the  names  of 
these  nominees  to  the  members  of  the  Association  not  less  than  60  days  prior  to  the 
annual  convention. 

(e)  At  any  time  prior  to  30  days  before  the  annual  convention,  any  ten  or  more 
Members  may  send  to  the  Executive  Secretary  additional  nominations  for  any  elective 
office  for  the  ensuing  year,  signed  by  such  Members. 

(f)  If  any  person  nominated  shall  be  found  by  the  Board  of  Direction  to  be 
ineligible  for  the  office  for  which  nominated,  or  should  a  nominee  decline  such  nomination, 
his  name  shall  be  withdrawn.  The  Board  of  Direction  may  fill  any  vacancies  that  may 
occur  in  the  list  of  nominees  up  to  the  time  the  ballots  are  sent  out. 

3.  Ballots  Issued 

Not  less  than  thirty  days  prior  to  each  annual  convention,  the  Executive  Secretary 
shall  issue  a  ballot  to  each  voting  Member  of  record  who  has  paid  his  dues  to  or  beyond 
December  31  of  the  previous  year,  listing  by  districts  the  several  candidates  to  be  voted 
upon.  When  there  is  more  than  one  candidate  for  any  office,  the  names  shall  be 
arranged  on  the  ballot  in  the  order  within  each  district  that  shall  be  determined  by  lot 
by  the  Nominating  Committee.  The  ballot  shall  be  accompanied  by  a  statement  giving 
for  each  candidate  his  record  of  membership  and  activities  in  the  Association. 

4.  Substitution  of  Names 

Members  may  remove  names  from  the  printed  ballot  list  and  may  substitute  the  name 
or  names  of  any  other  person  or  persons  eligible  for  any  office,  but  the  number  of  names 
voted  for  each  office  on  the  ballot  must  not  exceed  the  number  to  be  elected  at  that 
time  to  such  office. 

5.  Ballots 

(a)  Ballots  shall  be  placed  in  an  envelope,  sealed  and  endorsed  with  the  name  of 
the  voter,  and  mailed  to  or  deposited  with  the  Executive  Secretary  at  any  time  previous 
to  the  closure  of  the  polls. 

(b)  A  voter  may  have  the  privilege  of  withdrawing  his  ballot,  for  the  purposes 
of  casting  another,  or  otherwise,  at  any  time  up  to  ten  working  days  prior  to  the 
closure  of  the  polls.  After  that  date,  no  ballot  shall  be  subject  to  withdrawal  or 
revision. 

(c)  Ballots  received  in  unendorsed  envelopes,  or  from  persons  not  qualified  to  vote, 
shall  not  be  counted. 


670  Constitution 


(d)  The  ballots  and  envelopes  shall  be  preserved  for  not  less  than  ten  days  after 
the  vote  is  canvassed. 

6.  Closure  of  Polls 

The  polls  shall  be  closed  at  12  o'clock  noon  on  the  first  day  of  normal  2J^-day 
annual  conventions,  and  at  4  pm  on  the  day  prior  to  the  first  day  of  annual  conven- 
tions which  are  less  than  2J/^  days  in  length.  In  both  instances,  the  ballots  shall  be 
counted  by  tellers  appointed  by  the  presiding  officer. 

7.  Election 

(a)  The  persons  who  shall  receive  the  highest  number  of  votes  for  the  offices  for 
which  they  are  candidates  shall  be  declared  elected. 

(b)  In  case  of  a  tie  between  two  or  more  candidates  for  the  same  office,  the 
Members  present  at  the  annual  convention  shall  elect  the  officer  by  ballot  from  the 
candidates  so  tied. 

(c)  The  presiding  officer  shall  announce  at  the  convention  the  names  of  the  officers 
elected  in  accordance  with  this  Article. 


Article  VII 
Management 
1.  Board  of  Direction 

(a)  The  Board  of  Direction  shall  be  the  governing  body  of  the  Association  and 
shall  manage  the  affairs  of  the  Association  in  accordance  with  the  Constitution  of 
the  Association,  and  shall  have  full  power  to  control  and  regulate  all  matters  not  other- 
wise provided  for  in  the  Constitution.  It  shall  be  composed  of  seventeen  Members  of 
the  Association,  and  shall  include  the  President  and  two  Vice  Presidents  of  the  Asso- 
ciation, the  two  living  junior  Past  Presidents,  and  twelve  elected  Directors.  The  nomina- 
tion and  election  of  the  Officers  and  Directors  shall  be  in  accordance  with  the  procedures 
set  forth  in  Article  VI  herein. 

(b)  Furthermore,  the  membership  shall,  insofar  as  possible,  include  proportional 
representation  from  the  territorial  divisions  contained  in  the  "List  of  Principal  Railroads 
Showing  Allocation  to  Geographical  Groups"  (published  in  the  current  issue  of  The 
Official  Railway  Equipment  Register). 

Accordingly,  the  twelve  Directors  shall  be  elected  in  accordance  with  Article  VI, 
Section  2,  to  fit,  insofar  as  possible,  the  following  general  plan  for  territorial 
representation: 

Four  from  the  Eastern  District,  including  the  Allegheny  and  Pocahontas  Districts; 
two  from  the  Southern  District;  five  from  the  Western  District,  including  the  North- 
western, Central  Western  and  Southwestern  Districts;  and  one  from  Canada. 

(c)  The  President  and  two  Vice  Presidents  of  the  Association  and  the  two  Past 
Presidents  on  the  Board  of  Direction  shall  be  at-large  members  of  the  Board. 

(d)  Vacancies  occurring  in  Director  positions  prior  to  normal  expiration  of  term 
of  office  shall  be  filled  by  the  Board,  insofar  as  possible,  from  the  district  represented 
by  the  previous  incumbent. 

(e)  The  Board  of  Direction  shall  meet  within  thirty  days  after  each  annual  con- 
vention, and  at  such  other  times  as  the  President  may  direct.  Special  meetings  shall  be 
called  on  request,  in  writing,  of  five  members  of  the  Board  of  Direction. 

(f)  Seven  members  of  the  Board  of  Direction  shall  constitute  a  quorum. 
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2.  Executive  Committee 

(a)  An  Executive  Committee  of  the  Board  of  Direction  shall  be  constituted 
annually  and  shall  consist  of  the  President  and  two  Vice  Presidents  of  the  Association 
and  the  two  Past  Presidents  on  the  Board  of  Direction.  The  Executive  Committee  shall 
be  subject  to  confirmation  of  the  Board  of  Direction  each  year  at  the  first  meeting  of 
the  Board  following  the  Convention.  The  President  of  the  Association  shall  be  the 
chairman  of  the  Executive  Committee. 

(b)  The  Executive  Committee  shall  possess  and  may  exercise  during  intervals 
between  meetings  of  the  Board,  all  of  the  powers  of  the  Board  on  matters  which  in  the 
judgment  of  a  majority  of  the  Executive  Committee  cannot  properly  be  delayed  until 
the  next  meeting  of  the  Board.  Actions  of  the  Executive  Committee  shall  be  authorized 
by  a  concurring  majority  of  its  full  membership  and  shall  be  reported  to  the  Board  of 
Direction  at  its  next  meeting. 

(c)  The  Executive  Committee  may  be  dissolved  at  any  time  by  action  of  a  majority 
of  the  full  membership  of  the  Board  of  Direction.  Following  such  dissolution,  the  Execu- 
tive Committee  may  be  re-created  with  personnel  different  than  prescribed  in  Paragraph 
(a)  herein  at  any  time  prior  to  the  Annual  Convention  by  action  of  a  majority  of  the 
full  membership  of  the  Board.  However,  if  the  Executive  Committee  is  not  re-created 
prior  to  the  next  Annual  Convention  it  automatically  shall  come  under  the  provision 
of  Paragraph   (a)   herein  unless  the  Board  of  Direction  decrees  otherwise. 

3.  President 

The  President  shall  have  general  supervision  of  the  affairs  of  the  Association,  shall 
preside  at  meetings  of  the  Association,  the  Board  of  Direction  and  the  Executive  Com- 
mittee of  the  Board  of  Direction,  and,  by  virtue  of  his  office,  shall  be  a  member  of  all 
committees,  except  the  Nominating  Committee. 

4.  Vice  Presidents 

The  Vice  Presidents,  in  order  of  seniority,  shall  preside  at  meetings  in  the  absence 
of  the  President. 

5.  Treasurer 

The  Treasurer  shall  pay  all  bills  of  the  x^ssociation  when  properly  certified  by  the 
Executive  Secretary  and  approved  by  the  Finance  Committee.  He  shall  make  an  annual 
report  as  to  the  financial  condition  of  the  Association  and  such  other  reports  as  may  be 
called  for  by  the  Board  of  Direction. 

6.  Executive  Secretary 

The  Executive  Secretary,  under  the  direction  of  the  President  and  Board  of  Direc- 
tion, shall  be  the  Executive  Officer  of  the  Association  and  shall  attend  the  meetings  of  the 
Association  and  of  the  Board  of  Direction,  prepare  the  business  therefor,  and  record  the 
proceedings  thereof.  The  Executive  Secretary  shall  see  that  all  money  due  the  Associa- 
tion is  collected,  is  credited  to  the  proper  accounts,  and  is  deposited  in  the  designated 
depository  of  the  Association,  with  receipt  to  the  Treasurer  therefor.  He  shall  personally 
certify  to  the  accuracy  of  all  bills  and  vouchers  on  which  money  is  to  be  paid.  He  shall 
invest  all  funds  of  the  Association  not  needed  for  current  disbursements,  as  shall  be 
recommended  by  the  Finance  Committee  and  approved  by  the  Board  of  Direction,  with 
notification  to  the  Treasurer  of  such  investments.  The  Executive  Secretary  shall  conduct 
the  correspondence  of  the  Association,  make  an  annual  report  to  the  Association,  and 
perform  such  other  duties  as  the  Board  of  Direction  may  prescribe. 
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7.  Auditing  of  Accounts 

The  financial  accounts  of  the  Association  shall  be  audited  annually  by  an  accountant 
or  accountants  approved  by  and  under  the  direction  of  the  Finance  Committee. 

8.  Administrative  Committees 

At  the  first  meeting  of  the  Board  of  Direction  after  the  annual  convention,  the 
following  Administrative  Committees,  each  consisting  of  not  less  than  three  members, 
shall  be  appointed  by  the  President.  The  personnel  of  these  committees  shall  be  subject 
to  approval  by  the  Board  of  Direction. 

Assignments 

Finance 

Manual 

Membership 

Personnel 

Publications 

Research 

Other  special  Administrative  Committees  may  be  appointed  by  the  President  at 
any  time,  and  reappointed  annually,  if  necessary,  their  personnel  being  subject  to 
approval  by  the  Board  of  Direction. 

Membership  on  Administrative  Committees  shall  be  restricted  to  members  of  the 
Board  of  Direction,  except  that  one  or  two  members  of  the  Administrative  Committee 
on  Research  may  be  past  members  of  the  Board  of  Direction. 

9.  Study  and  Research  Committees 

The  Board  of  Direction  may  establish  continuing  or  special  Study  and  Research 
Committees  to  investigate,  consider,  and  report  upon  subjects  appropriate  to  the  object 
of  the  Association,  as  set  forth  in  Art.  I. 

10.  Duties  of  Administrative  Committees 

(a)  Assignments 

The  Assignments  Committee  shall  review  and  pass  upon  the  recommendations  of 
Association  Study  and  Research  Committees  for  subjects  to  be  investigated,  considered 
and  reported  on  by  these  committees  during  the  ensuing  Association  year,  and  shall 
report  thereon  to  the  Board  of  Direction  for  its  approval.  The  Assignments  Committee 
shall  have  authority  to  assign  additional  subjects  or  change  the  scope  of  any  existing 
subjects  at  any  time  during  the  year,  reporting  its  action  thereon  to  the  Board  at  its 
next  regular  meeting. 

(b)  Finance 

The  Finance  Committee  shall  have  immediate  supervision  of  the  accounts  and 
financial  affairs  of  the  Association;  shall  approve  all  bills  before  payment,  and  shall 
make  recommendations  to  the  Board  of  Direction  as  to  the  investment  of  funds  and 
other  financial  matters.  The  Finance  Committee  shall  not  have  the  power  to  incur 
debts  or  other  obligations  binding  the  Association,  nor  authorize  the  payment  of  money 
other  than  the  amounts  necessary  to  meet  ordinary  current  expenses  of  the  Association, 
except  by  authority  of  the  Board  of  Direction. 
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(c)  Manual 

The  Manual  Committee,  with  the  assistance  of  the  Publications  Committee,  shall 
have   general  supervision   over   the  Manual. 

(d)  Membership 

The  Membership  Committee  shall  investigate  applicants  for  membership  and  shall 
make  recommendations  to  the  Board  of  Direction  with  reference  thereto. 

(e)  Personnel 

The  Personnel  Committee  shall  review  and  pass  upon  applications  of  members 
for  appointment  to  Study  and  Research  Committees,  and  shall  also  appoint  the  chair- 
man and  vice  chairman  of  such  committees  and  make  a  report  thereon  to  the  Board 
of  Direction  for  its  approval.  Should  an  unexpected  vacancy  in  chairmanship  or  vice 
chairmanship  of  any  such  committee  occur,  the  Personnel  Committee  shall  have  author- 
ity to  fill  such  vacancy  immediately,  reporting  its  action  thereon  to  the  Board  at  its 
next  regular  meeting. 

(f)  Publications 

The  Publications  Committee  shall  have  general  supervision  over  the  publications 
of  the  Association.  The  Publications  Committee  shall  not  have  the  power  to  incur 
debts  or  other  obligations  binding  the  Association,  nor  authorize  the  payment  of  money 
except  by  authority  of  the  Board  of  Direction. 

(g)  Research 

The  Research  Committee  shall  encourage  and  coordinate  the  research  activities  of 
the  Association,  in  the  course  of  accomplishment  of  which  it  shall  review  and  pass 
upon  the  recommendations  of  Study  and  Research  Committees  for  research  projects  and 
shall  report  thereon  to  the  Board  of  Direction,  recommending  for  approval  specific 
projects  initiated  by  these  committees  or  by  the  Research  Committee  and  recommending 
allotments  of  funds  for  these  projects  in  the  research  budget  of  the  Association  of 
American  Railroads  or  from  other  sources  compatible  therewith ;  shall  collaborate  closely 
with  the  research  staff  of  the  Association  of  American  Railroads;  and  when  called  upon 
by  the  Vice  President — Research  or  the  Vice  President — Operations  and  Maintenance 
of  that  association,  members  of  the  Research  Committee  shall  engage  in  the  activities 
of  advisory  committees  or  groups  of  that  organization  and  shall  report  from  time  to 
time  to   the  Board  of  Direction  on  those  activities. 

11.  Special  Committees 

The  Board  of  Direction  may  appoint  special  committees  to  examine  into  and  report 
upon  any  subject  connected  with  the  objects  of  this  Association. 

12.  Discussion  by  Non-Members 

The  Board  of  Direction  may  invite  discussions  of  reports  from  persons  not  members 
of  the  Association. 

13.  Sanction  of  Act  of  Board  of  Direction 

An  act  of  the  Board  of  Direction  which  shall  have  received  the  expressed  or  implied 
sanction  of  the  membership  at  the  next  annual  convention  of  the  Association  shall  be 
deemed  to  be  the  act  of  the  Association. 
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Article  VIII 
Meetings 

1.  Annual  Convention 

(a)  The  Annual  Convention  of  the  Association  shall  be  held  in  the  City  of  Chicago, 
111.,  or  in  such  other  city  as  may  be  determined  by  the  affirmative  vote  of  two-thirds 
of  the  entire  membership  of  the  Board  of  Direction.  The  convention  in  any  year  shall 
be  held  on  dates  determined  by  the  affirmative  vote  of  two-thirds  of  the  entire  mem- 
bership of  the  Board  of  Direction. 

(b)  The  Executive  Secretary  shall  notify  all  members  of  the  Association  of  the  time 
and  place  of  the  annual  convention  at  least  30  days  in  advance  thereof. 

(c)  The  order  of  business  at  the  annual  convention  of  the  Association  shall  be: 

Reading  of  the  minutes  of  the  last  meeting 

Address  of  the  President 

Reports  of  the  Executive  Secretary  and  the  Treasurer 

Reports  of  committees 

Unfinished   business 

New  business 

Installation  of  officers 

Adjournment 

(d)  This  order  of  business  may  be  changed  by  a  majority  vote  of  Members  present. 

(e)  The  proceedings  shall  be  governed  by  "Robert's  Rules  of  Order"  except  as 
otherwise  herein  provided. 

(f)  Discussions  shall  be  limited  to  Members  and  to  those  others  invited  by  the 
presiding  officer  to  speak. 

2.  Special  Meetings 

Special  meetings  of  the  Associations  may  be  called  by  the  Board  of  Directions  on  its 
own  initiative,  and  may  be  so  called  by  the  Board  of  Direction  upon  written  request 
of  100  Members.  The  request  shall  state  the  purpose  of  such  meeting. 

The  call  for  such  special  meeting  shall  be  issued  not  less  than  ten  days  in  advance 
of  the  proposed  date  of  such  meeting  and  shall  state  the  purpose  and  place  of  the 
meeting.  No  other  business  shall  be  taken  up  at  such  meeting. 

3.  Quorum 

Twenty-five  Members  shall  constitute  a  quorum  at  all  meetings  of  the  Association. 

Article  IX 
Amendment 
I.  Amendment 

Proposed  amendment  of  this  Constitution  shall  be  made  in  writing,  shall  be  signed 
by  not  less  than  ten  Members,  and  shall  be  acted  upon  in  the  following  manner: 

The  amendment  shall  be  presented  to  the  Executive  Secretary,  who  shall  send  a 
copy  to  each  member  of  the  Board  of  Direction  as  soon  as  received.  If  a  majority  of 
the  entire  Board  of  Direction  so  votes,  the  matter  shall  be  submitted  to  the  Association 
by  letter  ballot. 

Sixty  days  after  the  date  of  issue  of  the  letter  ballot,  the  Board  of  Direction  shall 
canvass  the  ballots  which  have  been  received,  and  if  two-thirds  of  such  ballots  are  in 
the  affirmative  the  amendment  shall  be  declared  adopted  and  shall  become  effective  imme- 
diately. The  result  of  the  letter  ballot  shall  be  announced  to  members  of  the  Association. 


Advance   Report  of  Committee   3 — Ties  and  Wood   Preservation 

Report  on   Assignment  5 

Service   Records 

J.  T.  Slocomb  (chainnan,  subcommittee),  W.  F.  Arksey,  A.  B.  Baker,  K.  C. 
Edscorx,  M.  S.  Edwards,  F.  J.  Fudge,  H.  M.  Harlow,  R.  P.  Hughes,  R.  B. 
Radkey,  J.  L.  Williams. 

Tie  Renewals  and  Cost  per  Mile  of  Maintained  Track 

The  annual  statistics  compiled  by  the  Bureau  of  Railway  Economics,  AAR,  pro- 
viding information  on  cross  tie  renewals  and  cost  data  for  1966  are  presented  here- 
with in  Tables  A  and  B.  This  year,  an  additional  table  (see  page  676)  is  included 
showing  concrete  ties  laid  in  replacement  and  in  new  lines. 

The  1966  statistics  compared  with  those  of  1965  are  as  follows: 

Total  New  Renewals 

Year  Tie  Renewals         Per  Mile 

1965    14,284,674"  47 

1966    14,903,484»»  49 

Five-year  average,  1962  to  1966,  incl 44 

"  Includes  4,841    concrete  ties. 
"•Includes   32,409   concrete  ties,   excludes  442,388   secondhand   ties. 

The  average  cost  of  a  treated  wood  tie  was  $4.08  in  1965  and  $4.25  in  1966. 
As  noted  in  the  table,  these  figures  represent  storekeepers*  axerage  cost  of  ties 
charged  out;  they  are  not  the  actual  cost  or  prices  paid  for  tie.s  purchased  during 
the  period.  The  average  cost  of  a  concrete  tie  used  in  replacement  was  $12.11. 

-After  declining  for  ten  straight  years  (1951-1961),  the  average  number  of  new 
ties  laid  in  replacement  advanced  from  35  in  1961  to  49  in  1966. 

Total  ties  replaced  in  1966  were  15,345,872.  Disregarding  the  wider  spacing 
of  concrete  ties,  this  figure  dixided  into  the  total  number  of  cross  ties  supporting 
maintained  track,  indicates  an  average  wood  tie  life  of  59.2  years — still  far  above 
the  actual  average  life  of  a  treated  wood  tie. 

Several  railroads  did  not  charge  out  secondhand  ties  in  1966,  and  their  replace- 
ment figures  do  not  show  in  the  table.  Hence,  tlie  calculated  "average  tie  life"  figure 
is  not  quite  accurate. 

675 


676 


Ties    and    Wood    Preservation 


District  and  Road 

Concrete  cross  ties 
laid  in  replacement 

Concrete  cross  ties 

laid  in  additional 

tracks,  new  lines 

and  extensions 

Number  of  other  than 

wo_oden  cross  ties  in 

maintained  track  occupied 

by  cross  ties  (12/31/65) 

Number 

Average 
cost 

Number 

Average 
cost 

EASTERN  DISTRICT:  a 
Baltimore  &  Ohio 
Bessemer  S,   Lake  Erie 
Chesapeake  &  Ohio 
Chicago  i  Illinois  Midland 
Delaware  &  Hudson 

I  150 

?1J.45 

16  888 

$12.99 

c   16  888 

c    I  150 

I  875 

36 

63  346 

Total  Eastern  District  a 

1  150 

13.45 

16  888 

12.99 

83  295 

SOUTHERN  DISTRICT:  b 
Atlantic  Coast  Line 
Florida  East  Coast 
Norfolk  Southern 
Seaboard  Air  Line 

135 
27  599 

3  525 

12.78 
12.15 

11.37 

43  630 

67  405 
48  847 

11.88 

12.45 
12.67 

c   59  667 

c   72  271 

c   67  827 

104  234 

Total  Southern  District  b 

31  259 

12.07 

159  882 

12.36 

303  999 

WESTERN  DISTRICT: 
Duluth  Missabe  6.  Iron  Range 
Northern  Pacific 
St.  Louis-San  Francisco 

\ 

- 

35  334 

8.02 

530 

82 

c  d  35  334 

Total  Western  District 

- 

- 

35  334 

8.02 

35  946 

Total  United  States 

32  409 

12.11 

212  104 

11.69 

423  240 

^  -  Includes  former  Pocahontas  Region, 
b  -  Formerly  identified  as  "Southern  Regio 
£  -  Reported  specifically  as  concrete  ties 
d  -  Represents  1966  additions ; total  in  pla 


sociation  of  American  Railr 

Bureau  of  Railway  Economic 

Washington,  D.  C.  20006 


District 


EASTERN  DISTRICT 


Akron,  Canton 
Ann  Arbor 
Baltimore  &  Oh 
Bangor  &  Aroos 
Bessemer  &  Lak 


Boston  &  Maine 
Canadian 
Central  RR  of 
Central  Vermon 
Chesapeake  &  0 
Chicago  &  East 
Chicago  &  Illi 
Delaware  &  Hud 
Detroit  &  Tol 
Detroit,  Tole 


Elgin,  Joliet 
Erie  Lackawann 
Grand  Trunk  We 
Illinois  Termi 
Lehigh  Valley 


Long  Island 

Maine  Central 

Monon 

New  York  Centr 

New  York, New  H 


Norfolk  &  West 
Pennsylvania 
Penna-Reading 
Pittsburgh  &  L 
Reading 


Richmond  Fred 
Western  Maryla 


Total  Easter 


SOUTHERN  DISTRIC 


Alabama  Great 
Atlantic  Coast 
Central  of  Geol 
Cincinnati, New 
Clinchfield 


Florida  East 
Georgia 
Georgia  Southe 
Gulf,  Mobile  & 
Illinois  Centr 


Louisville  &  t 
New  Orleans  & 
Norfolk  Southe 
Piedmont  &  Not 
Seaboard  Air 
Southern 


Total  Southe 


CROSS  TIE  STATISTICS  (EXCLUDING  SWITCH  &  BRIDGE)  FOR  CLASS  I  RAILROADS  IN  THE  UNITED  STATES  AND  LARGE  CANADIAN  RAILROADS 
Calendar  year  ended  December  31,  1966 


District  and  Road 

Wooden  cross  ti 
laid  in  replacem 

ent 

Track  maintained  by 
reporting  railroad 

Equated  gross  ton- 
miles  (thousands)  a 

New  cross  tie            | 
replacement  averages 

New  ties 

Second 
hand 

Miles 
occupied 
by  cross 

ties 

Total 
ties 

Cross 
ties 
per 
mile 

Total 

Per 

mile 

of 

track 

Per  cent 

to  all 
ties 

laid 
per 
mile 

Renewal 

per 

mile 

Renewal 

cost  per 

1,000 

GTM 

Number 

Average 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

EASTERN  DISTRICT:  b 

Akron,  Canton  &  Youngstown 
Ann  Arbor 
Baltimore  i  Ohio 
Bangor  &  Aroostook 
Bessemer  6.  Lake  Erie 

25  378 

5  789 

570  179 

71  249 

d  25  412 

$5.43 
4.46 
4.58 
3.78 
d  6.60 

5  793 
2  960 

688 

219.05 
393.77 
9  196.65 
767.49 
381.42 

646  949 

1  197  809 
26  670  285 

2  206  627 
1  144  260 

2  953 

3  042 
2  900 

2  875 

3  000 

1  002  321 
1  287  308 
78  635  421 
1  684  520 
4  529  055 

4  576 
3  269 
8  550 
2  195 
11  874 

3.92 
.48 
2.14 
3.23 
2.22 

116 
15 
62 
93 
67 

$629 
66 

284 
351 

440 

13.75c 
2.01 
3.32 

15.99 
3.70 

Boston  6,  Maine 

Canadian 

Central  RR  of  New  Jersey 

Central  Vermont 

Chesapeake  &  Ohio 

11  418 

1  852 

5  418 

306  813 

4.17 
3.98 
2.86 
2.74 
4.47 

2  695 

208.47 
1  072.59 

414.89 
8  151.67 

6  457  816 
616  223 
3  001  051 
1  218  945 
24  455  010 

2  956 
2  798 

2  938 

3  000 

1  526  156 
5  333  066 
1  488  699 
81  550  057 

7  321 
4  972 
3  588 
10  004 

.31 
1.85 
.06 

.44 
1.25 

9 
55 

2 
13 
38 

34 

218 

5 

36 
168 

1.07 
2.98 
.10 
1.00 
1.68 

Chicago  &  Eastern  Illinois 
Chicago  i  Illinois  Midland 
Delaware  4  Hudson 
Detroit  Q  Toledo  Shore  Line 
Detroit,  Toledo  &  Ironton 

77  066 
2  744 

28  016 
9  430 

23  590 

4.50 
5.34 
4.17 
5.73 
4.39 

1  090 

42 

2  763 

1  232.80 
163.01 

1  083.07 
155.05 
593.36 

3  751  780 
489  012 

3  369  715 
448  667 

1  708  877 

3  043 
3  000 
3  111 
2  894 
2  880 

7  700  349 
1  058  104 

8  569  847 
616  925 

3  045  07  6 

6  246 

6  491 

7  913 
3  979 
5  132 

2.05 

.56 

.83 

2.10 

1.38 

63 
17 
26 
61 
40 

282 
90 
108 
348 
174 

4.51 
1.38 
1.36 
8.76 
3.40 

Elgin,  Joliet  &  Eastern 
Erie  Lackawanna 
Grand  Trunk  Western 
Illinois  Terminal 
Lehish  Valley 

64  274 
257  365 
55  741 
13  123 

4.50 
5.15 
5.03 
3.77 

1  581 

693 

5  446 

826.00 
5  510.32 

1  810.44 
357.65 

2  009.51 

2  534  335 
16  303  544 

5  756  298 
1  106  134 

6  252  068 

3  068 

2  959 

3  180 
3  093 
3  111 

2  171  639 
45  378  662 
9  821  908 
1  068  748 
7  948  511 

2  629 
8  235 
5  425 

2  988 

3  955 

2.54 
1.58 
.97 
1.19 

78 
47 
31 
37 

350 
241 
155 
138 

13.32 
2.92 
2.86 
4.63 

Long  Island 

Maine  Central 

Monon 

New  York  Central 

41  827 
61  906 
34  690 
576  982 
97  974 

4.57 
4.27 
4.91 
5.16 
4.97 

5  467 
127  536 

725.27 
1  067.73 

713.67 
16  007.53 
3  030.50 

1  993  477 
3  194  720 

2  218  409 
48  475  283 

9  600  600 

2  749 

2  992 

3  108 
3  028 
3  168 

3  742  045 

2  7?2  690 

3  479  949 
120  060  473 

14  328  575 

5  160 
2  550 
4  876 
7  500 
4  728 

2.10 
1.94 
1.56 
1.19 
1.02 

58 
58 
49 
36 
32 

263 
248 
239 
186 
161 

5.10 
9.72 
4.89 
2.48 
3.40 

Norfolk  &  Western 
Pennsylvania 

Penna-Reading  Seashore  Lines 
Pittsburgh  &  Lake  Erie 

543  018 
658  298 
13  863 
17  965 

4.74 
4.63 
5.21 
5.37 
5.15 

1  159 

12  165.35 

18  439.46 

476.95 

602.33 

2  355.93 

37  844  308 
52  865  795 
1  291  224 
1  842  055 
6  487  904 

3  HI 
2  867 

2  707 

3  058 
2  754 

123  128  321 

163  616  843 

571  261 

2  610  958 

13  373  241 

10  121 
8  873 
1  198 

4  335 

5  67  6 

1.43 
1.25 
1.07 
.98 
2.09 

45 
36 
29 
30 
58 

211 
165 
151 
160 
297 

2.09 
1.86 
12.64 
3.70 
5.24 

Richmond  Fred 'burg  &  Potomac 
Western  Maryland 

29  696 
66  859 

5.00 
4.98 

82 

432.91 
1  135.76 

1  394  416 
3  292  321 

3  221 
2  899 

4  830  506 
8  790  641 

11  158 
7  740 

2.13 
2.03 

69 
59 

343 
293 

3.07 
3.78 

Total  Eastern  District  b 

d3  853  813 

d  4.77 

157  995 

93  889.69 

279  835  917 

2  980 

733  471  784 

7  812 

1.38 

41 

196 

2.50 

SOUTHERN  DISTRICT:  c 
Alabama  Great  Southern 
Atlantic  Coast  Line 
Central  of  Georgia 
Cincinnati, New  Orleans  &  T.P. 

30  176 

d  664  274 

238  525 

41  858 

4.69 
d  4.46 
5.16 
5.03 
5.17 

550.54 

7  265.02 

2  167.70 

709.35 

432.67 

1  697  190 
22  560  610 

6  827  027 

2  220  630 
1  401  851 

3  083 
3  105 
3  149 
3  102 
3  240 

5  040  819 
52  758  078 

9  049  993 
11  615  420 

7  408  485 

9  156 
7  262 

4  175 

16  375 

17  123 

1.78 
2.94 
3.49 
1.90 
1.10 

55 
91 
110 
59 
36 

257 
408 
568 
297 
184 

2,81 
5.62 
13.60 
1.81 
1.08 

Florida  East  Coast 

Georgia 

Georgia  Southern  &  Florida 

Gulf,  Mobile  &  Ohio 

d  59  346 
36  870 
30  229 
173  966 

d  8.03 
3.89 
5.33 
3.80 

2  158 
10  740 

1  178.09 

431.92 

475.11 

3  401.59 

9  521.57 

3  524  358 
1  315  846 
1  493  974 
10  776  237 
29  092  532 

2  992 

3  047 
3  144 
3  168 
3  055 

4  218  880 

1  912  763 

2  732  514 
21  021  906 
62  694  249 

3  581 

4  429 

5  751 

6  180 
6  584 

1.68 
2.80 
2.02 
1.61 
1.62 

85 
64 
51 
50 

332 
339 
195 
221 

7.50 
5.89 
3.15 
3.36 

Louisville  i  Nashville 
New  Orleans  &  Northeastern 
Norfolk  Southern 
Piedmont  &  Northern 
Seaboard  Air  Line 
Southern 

5  34  047 
13  731 
52  327 
8  786 
d  461  779 
356  042 

4.30 
5.33 
3.35 
5.40 
d  4.34 
5.29 

8  075.87 

299.75 

751.22 

212.00 

5  708.99 

8  270.03 

22  943  472 
928  576 
2  164  584 
653  498 
17  196  326 
25  847  166 

2  841 

3  098 

2  881 

3  083 
3  012 
3  125 

69  606  099 
3  105  115 
1  707  321 
456  007 
44  194  512 
60  198  259 

8  619 
10  359 
2  273 
2  151 
7  741 
7  279 

2.33 
1.48 
2.42 
1.34 
2.69 
1.38 

46 
70 
41 
81 
43 

244 
234 
224 
351 
228 

2.36 
10.28 
10.40 
4.54 
3.13 

Total  Southern  District  £ 

d3  190  012 

d  4.60 

12  898 

49  451.42 

150  623  877 

3  046 

357  720  420 

7  234 

2.12 

65 

296 

Dis 


EASTERN  DISTRI 


Akron,  Canto 
Ann  Arbor 
Baltimore  & 
Bangor  &  Aro 
Bessemer  &  L 


Boston  &  Mai 
Canadian  Pac| 
Central  RR  oi 
Central  Verm 
Chesapeake  & 


Chicago  6c  Ea 
Chicago  &  II 
Delaware  &  H 
Detroit  &  To 
Detroit,  Tol 


Elgin,  Jolie 
Erie  Lackawa 
Grand  Trunk  j 
Illinois  Ten 
Lehigh  Valle 


Long  Island 

Maine  Centra 

Monon 

New  York  Cen 

New  York,  Ne' 


Norfolk  &  We 
Pennsylvania 
Penna-Readin 
Pittsburgh  & 
Reading 


Richmond  Pre 
Western  Mary 


Total  East 


!a| 


SOUTHERN  DIST 
Alabama  Gre 
Atlantic  Coa( 
Central  of  G< 
Cincinnati,  1 
Clinchfield  j 
Florida  East] 
Georgia  ; 
Georgia  Soutl 
Gulf,  Mobilel 
Illinois  Cen^ 
Louisville  & 
New  Orleans  i 
Norfolk  Soutl 
Piedmont  &  n| 
Seaboard  Airj 
Southern    | 

Total  Souti 


3   Tl£   STATISTICS    (EXCLUDING   SWITCH  &   BRIDGE)    FOR  CLASS   I   RAILROADS  1 


3  STATES  AND  LARGE  CANADIAN  RAILROADS 


laid'tn   repUcement 

Track  maintained  by 
reporting  railroad 

miles    (thousands)    a 

rejuc:-"    i::rages                    || 

New  ties 

'hand' 

occupied 
by  cross 

cr"l 

If 

Total 

tl: 

-rl 

laid 

Renewal 

1,000 

»„.e. 

Av.„ge 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

UESTERK  DISTRICT: 

1  070  780 
484  631 
309  091 
9S  057 

18  286 
52   133 

19  472.60 
13  109.96 
11   152.62 
1  751.22 
13  004.20 

62   176  012 
39  030   186 
34  439  290 
5  259  475 
39  451  444 

3  193 

2  977 

3  088 
1  003 

190  541  901 
46  996  270 
66  605  085 

9  785 

l!34 

55 
37 
28 
54 
41 

SI  88 

207 
170 

1.92c 
4.95 
1.82 
5.08 

Atchison ,Topeka  &   Santa  Fe 

Chicago.    Burlington  &  Quincy 
Chicago,   Milw. .St.Paul  &  Pac . 

53 
4 

3 

60 

Denver  &  Rio  Grande  Western 
Duluth.    Hissabe   &   Iron  Range 

36   345 
125  460 

3 

3 

84 
03 

79 

837 
2  725 

9  209.94 

3  083.84 
860.50 
206.10 

9  514  769 

2  563  435 

587  502 

3  085 
2  979 
2  851 

22  032  882 
4  254  113 
I  513  247 

7  145 
4  944 
7   342 

1.39 
1.50 
1.32 

41 
48 

133 
163 

231 
158 

2!l5 

Kansas  City  Southern 
Lake   Superior  6.   Ishpeming 

346  933 
79  424 

3 

!1 
62 

34 

35 

1  063 
19  791 

1  525.43 

1  375.45 
205.57 
889.80 

4  578  259 

616  710 
2  899  718 

3  001 
3  000 

11   983  888 
189  883 

5  756 
8  713 

l!83 
.07 

38 
35 
58 
2 
119 

143 
160 
193 
10 
400 

2!78 
2.21 
1.05 

Northern  Pacific 

807  709 
429  917 

3 
3 

3 

97 
88 

35 

3  360.04 

9  032!60 

409.64 

5  767.02 

10  699  464 
34  058  034 
26  173  646 
1   179  763 
18   137   412 

2  898 
2   880 

69  865  650 
46  469  780 

6  333 

5   145 

2.37 
1.77 
1.80 

142 
73 
51 
52 

205 
174 
250 

14.80 

3!98 

5.16 
4.24 

SCO  Line 

Texas  &'pacific 

87   350 
305  032 

85   935 

4 

61 

9  018 

1  741.19 

2  087^80 

5  337  175 

6  398  098 

3  127 
3  065 

23  081   836 

177   883  633 
7  952  724 
16  971  089 

8   129 

1^34 

50 

58 

216 
223 
185 
332 

1.63 
7.35 
1.71 

4.72 

Western  Pacific 

74  667 

6 

78 

1  544.42 

933   198 

2  985 

151   269  561 
15   332   138 

l!28 
1.62 

37 
48 

328 

3:30 

Total  Western  District 

7   859   659 

3 

90 

271   495 

157   785.52 

479  053  984 

3  036 

1   116  609  667 

7  077 

1.64 

50 

194 

2.74 

Total  United   States 

d 14  903  484 

d4 

27 

442   388 

301   126.63 

909  513  778 

3  020 

2  207   801  871 

7   332 

1.64 

49 

211 

2.88 

'llTaTtional 

1   108  988 

3.20 

': 

697.50 

85   649  064 
61  092  Oil 
2  047  433 

2  943 
2  958 
2   935 

99  819  973 
2  758  354 

3  955 

1.29 

38 
58 
90 

122 
205 
438 

ll!82 

-  Gross  con-miles   of  cars   and 

-  Includes    former  Pocohancas   I 

-  Formerly   identified   as   "Soul 


1    150  13.45  3   852    1 

31  259  12.07  3    158   : 

32  409  12.11        14   871  I 


"Average  coat"   as  shown  in  column  2,   represents   fltoi 
average  price  paid   for  ties  purchased  during  the  1 

It  Ion  of  American  Railroads,   Bureau  of  Railway  Econoi 


f   ties  charged   out   and   used  rather  than 
from  Annual   Reports  of  Class  I   Railroac 


District  and 


WESTERN  DISTRICT: 


Atchison, Topeka  & 

System 
Chicago  &  North  W 
Chicago,  Burlingt 
Chicago  Great  Wes 
Chicago,  Milw..St 


Chicago,  Rock  Isl 
Colorado  &   Southe 
Denver  &  Rio  Gram 
Duluth,  Missabe 
Duluth.  Winnipeg  I 


Fort  Worth  &  Denv( 
Great  Northern 
Kansas  City  Southi 
Lake  Superior  &  I 
Louisiana  &  Arkan 


Missouri-Kansas -Tc 
Missouri  Pacific 
Northern  Pacific 
Northwestern  Paci 
St .  Louis-San  Frai 


St .  Loui  s  Southwe 
Soo  Line 
Southern  Pacific  ( 
Spokane,  Portland 
Texas  &  Pacific 


Toledo,  Peoria  &  I 
Union  Pacific 
Western  Pacific 


Total  Western  D 


Total  United  St^ 


CANADIAN  ROADS: 


Canadian  National 
Canadian  Pacific 
Ontario  Northland 


As sec i 
the 


NUMBER  AND  AGGREGATE  COST  OF  NEW  CROSS  TIE  RENEWALS  PER  MILE  OF  MAINTAINED  TRACK  AND  RATIO  OF  NEW 

CROSS  TIES  IN  MAINTAINED  TRACK 

:lass  I  roads  in  the  United  States  and  large  Canadian  roads,  by  years,  and  for  the  average  of  five 

Note;   All  figures  are  exclusive  of  bridge  and  switch  ties 


CROSS  TIE  RENEWALS  TO  TOTAL 
years  1962  to  1966,  inclusive 


Number  o 

f  new 

:ross 

ie  renewals 

Aggregate 

cost  o 

f  new 

cross 

tie  re- 

Per 

cent 

^Tr 

OSS  tie  renewals    1 

per  rai 

nainta 

newa 

Is  per 

of  maintained  track 

to  a 

11  ties  in  tracks 

1962 

1963 

1964 

1965 

1966 

5  year 
average 

1962 

1963 

1964 

1965 

1966 

5  year 
average 

1962 

1963 

1964 

1965 

1966 

5  year 
average 

WESTERN  DISTRICT: 

Atchison,  Topeka  &  Santa  Fe  System 

23 

28 

42 

52 

55 

40 

S79 

$95 

$148 

$167 

$188 

$135 

.72 

.87 

1.31 

1.63 

1.72 

1.25 

Chicago  &  North  Western 

26 

27 

29 

39 

37 

32 

126 

132 

147 

187 

178 

154 

.88 

.91 

.98 

1.32 

1.24 

1.07 

Chicago,  Burlington  &  Quincy 

25 

25 

33 

19 

28 

26 

92 

92 

128 

74 

109 

99 

.82 

.80 

1.06 

.61 

.90 

.84 

Chicago  Great  Western 

87 

75 

42 

34 

54 

58 

304 

268 

144 

125 

207 

210 

2.89 

2.51 

1.38 

1.14 

1.81 

1.95 

Chicago,  Milwaukee,  St.  Paul  &  Pac . 

26 

26 

17 

14 

41 

25 

109 

110 

72 

61 

170 

104 

.87 

.86 

.57 

.48 

1.34 

.82 

Chicago,  Rock  Island  &  Pacific 

47 

49 

46 

43 

41 

45 

148 

160 

146 

137 

133 

145 

1.57 

1.65 

1.53 

1.43 

1.39 

1.51 

Colorado  &  Southern 

30 

52 

59 

38 

48 

45 

123 

206 

225 

148 

183 

177 

1.02 

1.76 

1.99 

1.20 

1.50 

1.49 

Denver  &  Rio  Grande  Western 

17 

28 

46 

29 

41 

32 

70 

117 

184 

119 

164 

131 

.55 

.92 

1.50 

.94 

1.32 

1.05 

Duluth,  Missabe  6,  Iron  Range 

75 

33 

40 

47 

44 

48 

334 

149 

87 

181 

231 

196 

2.52 

l.H 

1.34 

1.57 

1.47 

1.60 

Duluth,  Winnipeg  &  Pacific 

37 

39 

46 

32 

42 

39 

130 

99 

139 

114 

158 

128 

1.28 

1.37 

1.62 

1.11 

1.46 

1.37 

Fort  Worth  &  Denver 

32 

29 

27 

27 

38 

31 

116 

99 

89 

92 

143 

108 

1.05 

.95 

.91 

.91 

1.28 

1.02 

Great  Northern 

49 

54 

56 

32 

35 

45 

235 

266 

262 

150 

160 

215 

1.58 

1.74 

1.81 

1.03 

1.12 

1.46 

Kansas  City  Southern 

26 

63 

60 

41 

58 

50 

79 

197 

187 

131 

193 

157 

.82 

2.00 

1.91 

1.29 

1.83 

1.57 

Lake  Superior  &  Ishpeming 

83 

71 

25 

38 

2 

44 

265 

212 

78 

78 

10 

129 

3.41 

2.38 

.85 

1.27 

.07 

1.60 

Louisiana  6,  Arkansas 

43 

104 

117 

84 

119 

93 

131 

325 

370 

271 

400 

299 

1.31 

3.19 

3.58 

2.57 

3.67 

2.86 

Missouri-Kansas-Texas 

32 

58 

141 

123 

142 

99 

110 

201 

494 

431 

564 

360 

1.02 

1.83 

4.42 

3.86 

4.46 

3.12 

Missouri  Pacific 

54 

58 

60 

65 

73 

62 

175 

189 

206 

232 

284 

217 

1.76 

1.89 

1.93 

2.11 

2.37 

2.01 

Northern  Pacific 

53 

53 

52 

44 

51 

51 

208 

205 

196 

177 

205 

198 

1.83 

1.82 

1.81 

1.53 

1.77 

1.75 

Northwestern  Pacific 

30 

28 

4 

67 

52 

36 

106 

101 

14 

307 

174 

140 

1.06 

.98 

.13 

2.32 

1.80 

1.26 

St.  Louis-San  Francisco 

76 

59 

60 

58 

75 

66 

233 

183 

188 

182 

250 

207 

2.43 

1.88 

1.92 

1.83 

2.37 

2.09 

St,  Louis  Southwestern 

63 

70 

80 

60 

50 

65 

215 

239 

289 

251 

216 

242 

2.07 

2.28 

2.63 

1.96 

1.64 

2.12 

Soo  Line 

23 

37 

43 

49 

58 

42 

82 

130 

162 

186 

223 

157 

.77 

1.21 

1.43 

1.61 

1.91 

1.39 

Southern  Pacific  Co. 

51 

53 

46 

58 

53 

52 

169 

176 

142 

200 

185 

174 

1.68 

1.76 

1.52 

2.00 

Spokane,  Portland  4  Seattle 

61 

52 

58 

58 

69 

60 

268 

226 

251 

261 

332 

268 

1.99 

1.68 

1.87 

1.87 

Texas  &  Pacific 

23 

30 

39 

50 

41 

37 

74 

102 

134 

177 

146 

127 

.77 

1.03 

1.33 

1.70 

1.34 

1.23 

Toledo,  Peoria  &  Western 

18 

34 

46 

52 

46 

39 

54 

92 

154 

187 

162 

130 

.55 

Union  Pacific 

57 

52 

39 

48 

37 

47 

244 

219 

163 

203 

160 

198 

2.02 

1.85 

1.38 

1.67 

1.28 

1.64 

Western  Pacific 

59 

52 

44 

45 

48 

50 

288 

284 

257 

277 

328 

287 

1.97 

1.73 

Total  Western  District 

41 

43 

45 

45 

50 

45 

153 

162 

169 

170 

194 

170 

1.34 

1.42 

1.49 

1.49 

1.64 

1.48 

Total  United  States 

40 

41 

44 

47 

49 

44 

155 

157 

174 

193 

211 

178 

1.32 

1.34 

1.43 

1.57 

1.64 

1.46 

CANADIAN  ROADS: 
Canadian  National 
Canadian  Pacific 
Ontario  Northland 

51 
59 
151 

46 
61 
93 

43 
54 
68 

41 
62 
69 

38 
58 
90 

44 
59 
94 

141 
167 
583 

136 
174 
375 

144 
168 
292 

125 
205 
344 

122 
205 
438 

134 
184 
406 

1.70 
2.01 
5.03 

1.60 
2.08 
2.99 

1.50 
1.83 
2.28 

1.40 
2.10 
2.30 

1.29 
1.96 
3.06 

1.50 
2.00 
3.13 

a  -  Includes  former  Pocahontas  Region, 
b  -  Formerly  identified  as  "Southern  Regi 
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Accounts,    track,    retirements,    development    and 

use   of   average  prices   for,   221,   593 
Agreement    fonns,    bibliography,    176,    619 
—butt  welding  of  rail,   170,  618 
— entry    on    railway    eompan\-    property,    license 

for,    175.   618 
— experimental  demonstration  of  equipment  and 

niaterials     on    railwav     company     projierty, 

177,   619 
— machinery,  tools  and  materials,  lease  to  other 

than  railway  companies,    176,  619 
— tnick    trailers     and     containers     at    terminals, 

handling  of.   171,  618 
— utility    crossings,    171,    618 
— vending    machines    on    railway    projjerty,    in- 
stallation of,    175,   619 
Air   rights,   railroad,    e\'aluation    of   for   highway 

use,   556 
Annual   Meeting,   closing   session,   634 
— invocation,    531 
— luncheon,   575 
— opening  session,   531 
— program,   527 
Arches,  pipe-arches,   corrugated    structural  plate 

pipe,    specifications,    revisions,    351,    584 
Amett.   W.   W..   Barkley  dam  relocation,   1 
Arnold,    Thomas    R.,    address,    relocatable   struc- 

tiu-es,   588 
Asphalt-treated   ballast,    and  bridge  decks,   final 

report,   505,   610 
ASTM  specifications  and  designations,  masonry, 

336,    601 
Atchison,    Topeka    &    Santa    Fe,    asphalt-treated 

ballast  test,   507,   610 
— field    investigation    of    longitudinal    forces    in 

a   concrete   trestle,   37 
Austerman,   F.   E.,  memoir,   156 
Automobile-handling     terminals,     facilities     for, 

294,  587 


B 


Ballast,   AAR  research  project,   505,   610 

— asphalt-treated,  bridge  decks,  final  report, 
506,   610 

— bibliography,  load  distribution  and  stresses, 
492,  607 

Barkley  dam  relocation — ^Illinois  Central  Rail- 
road, by  W.  W.  Amett,   1 

Bibliography,    (  See  Agreement  forms ) 

—  (See  Ballast) 

—  (See   Engineering   and   Valuation   Records) 
— (See  Roadbed) 

Bolts,  and  nuts,  track,  specifications,  revisions, 
408,   612 

Bridges,  iron  and  steel,  rules  for  rating,  revi- 
sions, 351,   584 

— steel,  erection  specifications,  revisions,  351, 
584 

— fixed  spans,  specifications,  revisions,  350, 
584 

Brine  drippings,  protection  of  steel  surfaces 
from,   354,   584 

Buildings,   report  and  discussion,  293,  587 

— railway,  designing  for  fixed  obsolescence, 
298,   587 


Cable,  locomotive  and  car  equipment,  specifica- 
tions,  221.    552 

Canadian  Pacific,  analysis  of  operations  of  rail- 
ways that  have  reduced  cost  of  labor  re- 
quired in  maintenance  of  wav  work,  276. 
572 


Car-cleaning  facilities,  methods  and  materials, 
132,   551 

Caruthers,  Eugene  Witmar,  memoir,   356 

Gavins,  K.,   greetings  from  CRS,  540 

Chesapeake  &  Ohio,  rail,   service  test,  465,  618 

Chemicals  used  in  water  treatment,  revisions, 
129,  551 

Chicago  &  North  Western,  asphalt-treated  bal- 
last test,   511,   610 

Chicago,  Rock  Island  &  Pacific,  asphalt-treated 
ballast   test,    511,   610 

ClafFey,  P.  J.,  aspects  of  the  needs  of  urban 
areas  for  rapid  transit  of  interest  to  the 
railroad    industry.    111,    562 

Clearances,   report   and    discussion,    199,    625 

— restrictions  railroad  engineering  department 
personnel  furnish  transportation  and/or 
operating  departments  for  handling  loads 
of    excessive   sizes    and    weights,    201,    626 

Code,   Charles   J.,   memoir,   407,   640 

College  and  university  students,  careers  in  rail- 
roading, presenting  positive  approach  to, 
264,    621 

— cooperating  with  and  contributing  to  activi- 
ties of,   264,   621 

— cooperative  system  of  education,   626,  621 

— engineering  education,  changes  in,  implica- 
tions regarding  employment  of  future 
graduates    by    railroads,    268,    623 

— stimulate  greater  interest  among  in  scienct; 
of    transportation,    264,    621 

— summer  employment  of,   267,   621 

Concrete    and   mortars,    quality    of,    336,    601 

Concrete  box  beams,  prestressed,  lightweight, 
laboratory    investigation,    315,    600 

Concrete  members,  designs  of  plain  and  rein- 
forced,   specifications,    revisions,    313,    600 

Concrete  structures,  prestressed,  design,  mate- 
rials construction,  specifications,  revisions, 
314,   600 

Concrete  ties,  prestressed,  SAL  service  test, 
187,   599 

Concrete  trestle,  field  investigation  of  longi- 
tudinal   forces    in,    37 

Constitution,   AREA,   662 

Continuous  Welded  Rail,  report  and  discussion, 
367,    631 

— anchorage,  402,   632 

— epoxy,   use   of    at   rail   joints,   401,   632 

— fabrication,    specifications,    368,    631 

— failures,   butt   weld   397,    631 

— failures  butt-welded  rail  joints,  service  and 
detected,   372,    631 

— fastenings,  401,  632 

— joints,  butt-welded,  rolling-load  and  slow- 
bend  test  results,   383,  631 

— laying,    recommendations.    399,    631 

— maintenance,  adjusting  due  to  laying  above 
or  below  temperature  recommended,  403, 
632 

— statistics,   400,   631 

— thermite  welding,   398,   631 

Contract  forms,  report  and  discussion,   169,  617 

Contract  forms,    ( See  Agreement  forms ) 

Cooperative  Relations  with  Universities,  report 
and   discussion,    263,    620 

Corrosion    of   marine   steel   piling,    190,    613 

Crossing  protection,  automatic  tvpes,  study  of, 
152,    555 

Cmssings,  grade,  private,  requirements  and 
practices  of  marking  and  signing,  149, 
555 

— highway-railway  grade,  prefabricated,  merits 
and  economics  of,  147,  554 

D 

Data    processing,    property    accounts.    216,    593 
Diesel    fuel    oil    storage    tanks,    inspection    and 

maintenance,    revisions,    128,    551 
Drafting  and    office   practices,   209,   593 
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678 


Index 


Economics  of  RaiKva>'  Labor,  report  and  dis- 
cussion,   275,    572 

Economics    of    rail    grinding,    288,    574 

Economics  of  Railway  Location  and  Operation, 
report  and  discussion,   109,   561 

— innovations,   effects  of,    115,   563 

Electrical  Manual,  AAR,  cable  for  locomotive 
and  car  equipment,  specification,  221,  552 

Electricity,   report  and   discussion,   219,   552 

Electrification,  railway,  developments  in  the 
field  of,   225,   553 

— materials   and   methods   for,   224,    553 

Engineering  and  Valuation  Records,  report  and 
discussion,   203,   592 

—bibliography,    206,   593 


Florida  East  Coast,  metallurgical  examination 
of  four  electric-flash  butt-welded  rails, 
460,   618 

Forest   products   service    records,    184,   598 

— marine   organisms,    184,   598 

Foundations  and  earth  pressures,  progress  re- 
port, 313,  600 

Freight  and  passenger  stations,   large,   302,   588 


Gates,    W.    S.,   Jr.,   memoir,   624 
Gates    crossing,    automatic,    specifications,    revi- 
sions,  143,  554 
Gibson,    Edwin    Wallace,    memoir,    205 
Giles,   W.   H.,   memoir,   614 
Gilmore,    Robert   Willis,   memoir,    312 
Grade   crossings    (See  Crossings) 
Great   Northern,   rail,    service  test,   466,   618 
Grinding,   rail,   economics  of,   288,   574 


H 


Handbook,  care  and  operations  of  maintenance 
of   way    equipment,    revision    of,    524,    548 

Handles,   tool,  track,   359,   628 

Hassan,   Milton  James,   memoir,    357 

Haywood,   Allan  E.,  memoir,  358 

Highway— railway  grade  crossing  signals,  recom- 
mended   use    of,    revisions,    141,    554 

— specifications,    141,    554 

Highway— railway  grade  crossing  signs,  revi- 
sions,   138,   554 

Highway— railway  grade  crossings,  factors  in- 
fluencing safety  at,  progress  report,  137, 
554 

Highways,   report   and    discussion,    137,    554 

Hillman,  A.  B.,  Jr.,  treasurer,  report  and  state- 
ment,  538,   660 

Hodgkins,  E.  W.,  executive  secretary,  statement 
and  report,   536,   643 


Iron    and    Steel    Structures,    report    and    discus- 
sion, 349,  584 


Johnston,    Wayne    A.,    address,    full    speed    into 

the  future,  577 
Joint   bars,    high-carbon-steel,   quenched-carbon- 

steel,    si)ecifications,    revisions,    408,    612 


Labor  economies  in  organizing  mechanized 
forces    for   track   maintenance,    285,    573 

Leyh,  George  F.,  address,  concrete  cross  ties 
come    of    age    on    American    railroads,    602 

Luncheon,  annual,  address  by  Wayne  A.  John- 
ston, 57 


M 


Magee,  G.  M.,  observations  on  Russian  railroad 
practices,   103 

Maintenance  and  construction  of  track,  special, 
due  to  high  center  of  gravity  and /or 
hydraulically  cushioned  underfranie  equip- 
ment,  365,   630 

Maintenance  of  way  equipment,  handbook  for 
care    and    operation   of,   revision,    254,   548 

Maintenance  of  way  work,  analysis  of  opera- 
tions to  reduce  cost  of  labor  required, 
276,    572 

Maintenance  of  Way  Work  Equipment,  report 
and   discussion,   253,   547 

Manion,  R.  R.,  address,  organizing  for  progress, 
543 

Masonry,  report  and  discussion,  311,  599 

Masonry  structures,  design,  progress  report, 
313,  600 

Mechanized  forces  for  track  maintenance,  labor 
economies  in,   286,  573 

Membrane  waterproofing,  specifications,  revi- 
sions,  337,   601 

Miller,    C.    J.,    greetings    from    REMSA,    539 

Monon,    asphalt-treated    ballast   test,    510,    610 


N 


New    York    Central,    test,    Linde's    experimental 

936—89  wire  for  battered  railend  build  up 

use,   437,    618 
— rail-end-build-up  service  test  installation,  452, 

618 
Norfolk   &  Western,   asphalt-treated   ballast  test, 

509,   610 


o 


Office    and    drafting   practices,    209,    593 


ICC   valuation   orders   and  reports,  217,   593 

Illinois  Central-'Barkley  dam  relocation,  by 
W.  W.  Amett,   1 

Impact  and  Bridge  Stresses,  report  and  discus- 
sion,  307,  595 

— concrete,  308,  596 

— moment  and  shear  tables,  cars,   309,   597 

—steel,   308,   596 

Industrial  parks,  factors  to  be  considered  in 
design  of,   163,  614 

Insulated    rail   joints,    investigation,    458,    618 


Passenger   and  freight   stations,   large,   302,   588 
Payne,  G.   W.,  memoir,   607 
Pennsylvania,   rail,   service   test,   474,   618 
Piggyback   operations    using   the    "Strad-L-Port" 

crane,    616 
Piling,   steel,    marine,    corrosion   of,    189,    613 
Pipe,   cast   iron,   laying,   specifications,   revisions, 

127,  551 
— corrugated    metal,    subdrainage    specifications, 

revisions,    501,    608 
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Pipe-arches,  arches,  corrugated  structural  plate 
pipe,    specifications,    revisions,    351,    584 

Pipelines,  Haminable  and  non-flammable  sub- 
stances, 501,   608 

Pittsburgh  &  West  \'irginia,  asphalt-treated  bal- 
last   test,    511,    610 

Plate  pipe,  corrugated  structural,  arches,  ijiije- 
arches,    specifications,    revisions,    351,    584 

President's    address,   annual   meeting,   533 

Prestressed  concrete  box  beams,  lightweight, 
laborator>-   investigation,   315,    600 

Prestressed  concrete  ties,  service  test,  187, 
599 

Prestressed  concrete  structures,  specifications, 
revisions,    314,    600 

Pumping  plants,  water  supply,  revisions,  126, 
551 


R 


Rail,   report   and  discussion,   405,   612 

— butt    welded,    failures    on    FEC,    metallurgical 

examination  of,   460,   618 
— continuous   welded    (See  Continuous    Welded 

Rail) 
— control   cooled,    failure   statistics,    418,    612 
— failures,    investigation,    409,    612 
— performance,    failures,    418,    612 
— heat-treated    and    allov,     service    tests,     463, 

618 
— shelly,   studies   at   AAR   research   center,   477, 

618 
— shelly    spots    and    head    checks,    methods    of 

prevention,    463,    618 
Rail  end  batter,  causes  and  remedies,  437,  618 
— experimental    936—89    wire    for    battered    rail 

end   build  up  use,  evaluation  of,  437,   618 
— ser\ice   test  installation,   NYC.   452.   618 
Rail   grinding,    economics  of,   288,   574 
Rail    joints,    insulated,    investigation,    458,    618 
Rails,    laving,    temperature    expansion    for,    revi- 
sions, 358,  627 
— specifications,    revisions,    408,    612 
Rapid   transit,   aspects   of  needs   of  urban  areas, 

of    interest     to    the    railroad    industrv,    by 

P.    J.    Claffey,    111,    562 
Rating  rules  for  existing  iron  and  steel  bridges, 

revisions,    351,   584 
Restrictions     for     handling     loads     of     excessive 

sizes  or  weights,  201,  626 
Retarder    yards,     new     developments     in,     157, 

614 
Roadway    and    Ballast,    report    and    discussion, 

489,    606 
Roadway,    formation    and    protection,    502,    609 
Roadbed,     bibliography,    load    distribution    and 

stresses   in   subgrade   and   ballast,   492,   607 
Russian     railroad     practices,     observations,     bv 

G.   M.    Magee,   103 


Salt,   stabilization   of   subgrade,    .504,    609 

Sampson,   Hugh   Benford,   memoir,   204 

Sanitary  and  scr\icing  facilities,  railroad,  rela- 
tions with  governmental  agencies  pertain- 
ing  thereto,    130,   551 

Shoemaker,  D.  H.,  address.  Granite  Metamor- 
phosed,  633 

Secretary,  executive,  statement  and  report,  533, 
643 

Seismic  equipment,  portable,  subsurface  ex- 
ploration,  502,   609 

Sewage  disposal  facilities,  railway,  revisions, 
130,   551 

Signals,  highway— railway  grade  crossing,  rec- 
ommended   use    of,    revisions,    141,    554 

— specifications,   revisions,    141,    554 

Signs,  highway— railway  grade  crossing  revisions, 
138,  554 


Signs,  highway-type  stop,  use  and  effectiveness 
at  highway-railway  grade  crossings,  150, 
555 

Snow  removal,  switch  heaters  and  other  de- 
vices,   255,   549 

Sonic  pole-testing   devices,   timber,   347,    583 

Stations,  freight  and  passenger,  large,  302, 
588 

Steel   surfaces,   protection  of,   354,   584 

Stop  sign,  highway-type,  use  and  effectiveness 
at  highway-railway  grade  crossings,  150, 
555 

Structures,  relocatable,  by  Thomas  W.  Arnold, 
588 

Subgrades,  bibliograph\-,  load  distribution  antl 
stresses,  492,  607 

— salt   stabilization   of,    504,    609 

Subsurface  exploration,  ijortable  seismic  equip- 
ment for,  502,  609 

Switch  heaters  and  other  devices  or  machines 
for  renu)ving  snow  from  switches,  225, 
549 

Switch    plate   lubrication,    361,    628 


Tanks,  diesel  fuel  oil  storage,  inspection  and 
mamtenance,    revisions,    128,    151 

— steel,  welded,  water  or  oil  storage,  specifica- 
tions,   revisions,    128,   551 

TeUers,    reiiort   of,    530 

Temperature  expansion  for  laving  rails,  358, 
627 

Terminals,  automobile-handling,  facilities  for, 
294,  587 

Termite    control    investigation,    13,    185,    598 

Texas  &  Pacific,  asphalt-treated  ballast  test, 
510,    610 

Timber  structures,  repeated  loading  of,  345, 
583 

Tie  piates,  hold-down  fastenings  for,  including 
pads,  363,  629 

Tie   renewal   statistics,   annual,    184,   598 

Ties  and  Wood  Preservation,  report  and  discus- 
sion,   181,    598 

Ties,  adherence  to  specifications,  extent  of,  ob- 
served  on   field   inspection,    193,   598 

— concrete,   address   by   George   V.   Leyh,   602 

— handhng  from  tree  into  track,  revisions,  182, 
598 

— prestressed    concrete,    187,    599 

— renewal   statistics   and    costs,    675 

— spacing,   information  on,   183,   598 

— sjilitting  of,  and  anti-splitting  devices,  187, 
599 

Track,    report    and    discussion,    355,    627 

Track  accounts,  development  and  use  of  aver- 
age prices   for  retirements,   211,   593 

Track  construction  and  maintenance,  special, 
due  to  operation  of  high  center  of  gravity 
and/or  hydraulically  cushioned  under- 
frames,   365,   630 

Track    tool    handles,    359,    628 

Trackwork    plans,    standardization    of,    360,    628 

Trailer-on-flat-car  operation,  trailers  used  in, 
facilities   for   repairing,    162,    614 

Trailers,  used  in  TOFC  operations,  facilities 
for  repairing,    162,   614 

Treasurer,   statement   and   report,   538,   660 

Trestle,  concrete,  investigation  of  longitudinal 
forces   in,   37 

Trissal,    J.    M.,    president's    address,    533 


u 


U.  S.  Public  Health  Service,  relations  wth 
pertaining  to  railroad  sanitary  and  servic- 
ing facilities,    130,    551 

Universitj',    ( See   College ) 


Bui.  607 


680 


Index 


\'aluation  and  depreciation,  current  develop- 
ments in  connection  with  regulatorj'  bodies 
and    courts,    216,   593 

Vegetation    control,    railroad,    514,    611 


w 


Washers,  spring,  specifications,  revisions,  409, 
612 

Water,  analysis  of,  interpretation  of  results, 
revisions,   128,   551 

— cooling,  re-use  or  disposal  of  chromate- 
treated,    130,    551 

Water,  Oil  and  Sanitation  Services,  report  dis- 
cussion,  125,   550 

Water  sujiply  services,  i)rincij)les,  revisions, 
126,  551 

Water  treatment,  chemicals  used  in,  revisions, 
129,   551 

Waterfront  facilities,  relative  merits  and  eco- 
nomics of  construction  materials  used  in, 
198,  613 


Waterxjroofing  membrane,  specifications,  revi- 
sions, 337,  601 

Waterways  and  Harbors,  report  and  discussion, 
189,   613 

Wire,   cable   and   insulating  materials,  220,   552 

Wood  Bridges  and  Trestles,  report  and  discus- 
sion,  343,   581 

- — glued    laminated    wood,    344,    582 

■ — synthetic  resins  and  adliesives,  applications 
to,   345,  582 

Wood  deterioration  in  the  presence  of  metal, 
188,   599 

Wood,   non-destructive   testing  of,   347,   583 


Yards     and    Terminals,    report    and    discussion, 

155,   614 
Yards,    retarder,    recent    developments    in,    157, 

614 
— various    types,    factors    to    be    considered    in 

determining    merits    of,    164,    614 


Whaf  s  he  doing 


Drilling  one  of  12,000 
inspection  holes  in 
this  1300'  creosoted 
pine  trestle 


Why 


to  locate  internal 
decay  and  evaluate 
remaining  timber 
strength. 

That's  what  we 
mean  by  inspection 


and  in-place  treatment 


OSMOSE  WOOD  PRESERVING  CO. 

OF  AMERICA,  INC. 

980  EllieoH  St.,  Buffalo,  N  .  Y.  14209 


CF&I  Service  in  Steel 

lielps  lieep'em  rolling . . . 


with  techni- 
cal assistance  and  m^ 
on-time  delivery  of  this  ^^ 
long  line  of  rugged  products  "- 
developed  through  more  than  80  ' 
years  of  teamwork  with  railroads:  rails, 
including  Hi-Si®    •     joints,  tie-plates, 
spikes,  bolts,  and  special  accessories  • 
barbed  wire  •  billets  and  blooms  •  fence 
posts  •  Cinch®  Fence  Stays  •  woven  wire 
fence  •  merchant  bars  and  shapes  •  wide 
flange  beams  and  other  structurals  •  nails 
and  staples  •  high  and  low  carbon  round 
and  flat  wire   •    cold  rolled  steel   • 
welded  wire  fabric  •  wire  rope  and          A 
slings  •  prestressing  strand  and         y 
wire  •  tubing  •   reinforcing           y^       j 
bars  •  grader  blades  •  gal-          jt        j 
vanized  steel  strand.               ^        / 

THE  COLORADO  FUEL  & 
IRON  CORPORATION 
DENVER,  .^ 

COLO. 


KERSwasf  Trackwork  Machines 


Weed  And  Brush  Cutter  (Track  Patrol) 

Designed,  Tested,  and  Proven 

on  America's  Railroads 

Kershaw 


MANUFACTURING  CO.  ^ 


MONTGOMERY 


w 


ALABAMA 


I  Trackwork  Equipment  Developed  and  Proven  On  the  Job 

Heavy  Duty  Ballast  Regulator,  Scarifier  and  Plow,  Standard  Ballast  Regulator,  Sacrifier  and  Plow, 
Track  Broom,  Super  Jack-All,  Standard  Jack-All  Kershaw  Kribber,  Two-Wheel  Kribber,  Tie  Bed  Sacrifier 
Tie  Inseter,  Track  Undercutter-Skeletonizer,  Ballast  Cleaner,  Crib-Adze,  Mocar  Crane,  Track  Crane  and 
Tie  Inserter,  Utility  Derrick,  Two-Ton  Rail  Derrick,  Tie  Replacer,  Dual  Tie  Saw,  Track  Liner,  Snow 
Switch  Cleaner,  Weed  and  Brush  Cutter  (Track  Patrol). 


Superficially,  the  new  Racor® 
Tie  Pad  lool<s  like  any  otiier  tie 
pad.  But  that's  wfiere  the  resem- 
blance ends. 

The  new  Racor  Tie  Pad  has  a 
special  coating  developed  by  the 
Abex  Research  Lab  in  Mahwah, 
New  Jersey.  This  new  asphalt 
coating  enables  the  tie  pad  to 
bond  itself  tighter  to  the  tie.  Seal 
out  water,  dirt  and  sand. 

Extensive  laboratory  and 
A.A.R.  tests  have  proved  that  the 


ThenewRac 
specially  fo 
that  provides 
seals. 


new  Racor  Tie  Pads 

will  protect  ties  from 

mechanical  wear  at  a  rea- 

sonablecost.  Even  underheavy 

traffic  for  prolonged  periods  of 

time! 

Ask  your  Abex  representative 
to  show  you  how  the  new  Racor 
Tie  Pads  can  ease  maintenance 
costs  and  add  years  more  to  tie 

CORPORATION 

Railroad  Products  Division  630  FIFTH  ave.ny  10036 

ie  Pad  with  a 
lifoted  coating 
ter,  tougher 


i.    '  'Mi.    Z      *v     .~M>. 


Equip  your 
rail  gangs 
with  these 
money- 
saving 
NORDBERG 
Mechanical 
Muscles® 


Self-Propelled  Adzer 

BallastRouter 

Ballastex- 

Cribex* 

DSL  Yard  Cleaner 

Dun-Rite'  Gaging 

Machine  and 

Bronco 

Gandy'  Tie  Puller 

and  Inserter 

Gandy-Snapper 

Hydra-Spiker 

Line  Indicator 

Midget  Surfacer 

Midget  Line  Indicator 

Plate  Placer 

Power  Jack 

Power  Wrench 

Rail  Drill 

Rail  Grinders 

Scarifier-Inserter 

Screenex^-' 

Spike  Hammer 

Hydraulic  Spike  Puller 

Mechanical  Spike 

Puller  Self-propelled 

Surf-Rail"^  Grinder 

Switchliner 

Tamping  Power  Jack 

Tie-Axe 

Tie  Drill 

Tie  Handler 

Tie  Spacer 

Trakliner"- 

TrackShifter 

Trak-Surfacer 


NORDBERG 

NORDBERG  MFG.  CO. 
Milwaukee,  Wisconsin  53201 


©   1967.  N.M.  CO. 


Assure  lower  maintenance  costs, 
better  performance  with... 


SiK&s5(!llf^liSStfA¥A'^A^'S&<i*iiiI&liIiii^ 


TEXACO 

Petroleum  Products  and 

Systematic  Engineering 

Service 


w^^^^M&^m 


TEXACO  INC. 

RAILWAY  SALES  DIVISION 

135  East  42nd  St.,  New  York  17,  N.  Y. 
NEW  YORK  .  CHICAGO  •  SAN  FRANCISCO  •  ST.  LOUIS  •  ST.  PAUL  •  ATLANTA 


WOODINGS-VERONA  TOOL  WORKS 


"y^  Pioneer  Manuiacturers 

of 

HIGH  GRADE  TRACK  TOOLS 

and 

SPRING  WASHERS  FOR  TRACK 

Since  1873 

VERONA,  PA.  CHICAGO,  ILL. 


w 

WOODINGS  FORGE  &  TOOL  COMPANY 

Makers 

of 

WOODINGS  RAIL  ANCHORS 

VERONA,  PA.  CHICAGO,  ILL. 


LEVELLING,  LINING,  TAMPING... 

in  ONE  OPERATION,  with  ONE  OPERATOR 


ELECTRONIC 
REFERENCE 


.  FEELER 
detects  position 
of  track  in  spiral 
or  curve  at  every 
tie  and  feeds 
information  to 
"Auto-Control" 


UNEFI  UNIT 


WORKINQ 
SHADOW  BOARD 
controls  lining  at 
point  where 
lifting,  levelling 
end  tamping^ 
/s  done. 

RECEIVER 
BUGGY 
"Auto-Control" 
continuously 
positions 
receivers 
electronically  to 
satisfy  ideal  curve 
retfuirements  and 
establistiea 
required  amount 
of  track 
correction. 


The  Autojack  Electromatic 
with  Autoliner  leads  the  way 
through  these  advantages: 

•  Gives  the  highest  possible  degree  of  accuracy  by  electronic 
beams  projected  100  feet  in  advance  of  where  levelling, 
lining  and  tamping  are  taking  place. 

•  Automatic,  continuous  operation  for  both  tangent  and 
curve  track.* 

•  No  plotting  of  spirals  or  curves  required.  Machine  computes 
as  it  runs  for  the  best  transition. 

•  No  disturbing  or  humping  of  track  — lining  takes  place 
simultaneously  with  lifting  and  tamping  ahead  of  tamping 
tools. 

•  With  the  Autoliner,  it  is  possible  to  make  a  minute  throw 
and  have  it  stay  there  because  tamping  Is  done  in  correct 
alignment. 

•Model  ALT  for  Tangent  track  and  Model  ALC  for  Tangent 
and  Curve  Track,  both  available  as  attachments  for 
existing  AUTOJACK  ELECTROMATICS. 

TAMPER  INC. 

Head  Office  &  Plant— 2401  Ed- 
mund Rd.,  West  Columbia  (Colum- 
bia),   S.    C. 

29169    •  803/794-9160 
Plant  — 160    St.    Joseph    Blvd., 
Lachine   (Montreal),   Que.,   Canada 

•  514/637-5531 

Parts  Depot  —  2147  University 
Ave.,  St.  Paul,  Minn.  55115  • 
612/5055 

Information  on  the  Autoliner  and  Auto- 
jack Electromatic — or  other  track  main- 
tenance machines,  is  available  on 
request. 


One  complete  service.  One  low  charge 


Each  Sperry  test  car  contains  everything  needed  to  test  rail  .  .  .  induc- 
tion equipment,  ultrasonic  equipment,  motive  power,  crew  and  crew 
quarters.  This  self-sufficiency  means  a  complete,  unbiased  test  of  each 
rail  from  end  to  end  ...  a  one-time  operation  that  restores  lines  to 
normal  traffic  in  minimum  time. 

Sperry  service  also  provides  reports,  analysis,  recommendations  and 
comprehensive  reviews.  The  one  mileage  charge  pays  for  everything 
.  .  .  equipment  maintenance,  car  depreciation,  statistical  recording, 
accounting  and  operating  costs.  Sperry  far  surpasses  every  other  rail 
service  in  research,  efficiency  and  thoroughness,  making  its  charge  the 
lowest  true  cost  per  mile  and  per  defect  found.  Details  and  technical 
assistance  on  request. 


A 


SPERRY  RAIL  SERVICE 

A   DIVISION  OF  AUTOMATION   INDUSTRIES,   INC. 
General  Offices  DANBURY,   CONN. 


K" 


P.    &    M.    PRODUCTS 

•  IMPROVED    FAIR    Rail  Anchors 

•  XL-1  FAIR  Rail  Anchors 

•  FAIR-FLEX  Concrete  Tie  Faste 

RAIL   JOINT   PRODUCTS 

•  Rajo  Joints 

•  Rajo  Insulated  Joints 

•  Rajo  Compromise  Joints 

•  Rajo  Fibre  Insulation 


MAINTENANCE    EQUIPMENT   PRODUCTS 

•  Meco  Rail  and  Flange  Lubricators 

•  MACK  Reversible 
Switch  Point  Protectors 


PEERLESS    EQUIPMENT    PRODUCTS 


1799A3 


IN    CANADA: 

The  P.  i   M.   Company  Limited 


PRODUCTS  OF  PitOGRESS 


POOR   &    COMPANY 

Railway  Products  Division,  80  E,  Jackson  Blvd.,  Chicago,   III.  60604 
90  West  Street,   New  York,   N.  Y.   10006 
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New  Aeroquip 

Low  Temperature 

Hose  for  rugged 


^^ 


railroad 
air  brake 


#5i  service 


At  temperatures  as  low  as  — 65°F.  and  pressures  to 
300  psi,  new  Aeroquip  Air  Brake  Hose  is  fully  reliable 
for  exposed  or  unexposed  railroad  air  brake  applica- 
tions. This  low  temperature  hose  is  specially  built  to 
withstand  the  severe  conditions  encountered  in  con- 
nection and  disconnection  of  air  brake  hose  lines. 
And  Aeroquip  Reusable  Fittings  plus  a  small  stock  of 
bulk  hose  permit  quick  and  easy  replacement  of  any 
length  of  hose  line. 

Constructed  with  a  rugged  Neoprene  inner  tube, 
steel  wire  braid  reinforcement,  and  a  synthetic  rubber 
cover,  this  new  hose  is  available  in  sizes  from  ^2"  to 
1%"  I. D.— with  a  variety  of  gladhands  and  swivel  pipe 
thread  adapters. 

For  more  information,  contact  your  Aeroquip  Dis- 
tributor. Or  write  for  your  free  copy  of  Railroad  Engi- 
neering Bulletin  REB-21.  Aeroquip  Corporation, 
Industrial  Division,  Jackson,  Michigan.  Aeroquip  prod- 
ucts are  protected  by  international  patents. 


eroquip 


NDUSTRIAL  DIVISION 


NEW  and  RELAYING 

RAIL 

Switch  Material  •  Tools 
Track  Accessories 

PILING 

Rental  Steel-Sheet  Piling 
Pipe  Pile  •  H-Bearing  Pile 

PIPE 

Tested  and  Structural 

All  Sizes  1/8"  thru  48" 

Valves,  Fittings,  Flanges 

Immediate  delivery 

from  Foster's  nationwide 

warehouse  stocks. 


Specialists  to  the  Railroads 


tLmmmsajico. 


Offices    &    Warehouses 
in    28    major    cities. 
Refer    to    yellow    pages 


.   or   write: 
7  Porkway  Center,  Pittsburgh  15220 


Hubbard  Super  Service  Alloy  Spring  Washers 

Hubbard  Super  Steel  Alloy  Spring  Washers 

Hubbard  Track  Tools 


Chicago 


UNIT  RAIL  ANCHOR  COMPANY 

PittsbTLirgli 


NEWARK 


Unit  Rail  Anclior 


UNIT  RAIL  ANCHOR  DIVISION 

UNIT  RAIL  ANCHOR  COMPANY 

PITTSBURGH 


tii 

CHICAGO 


^M</A^^ 


MODEL  441 


Developed  and  Built 
for  Railroad  Maintenance 

180**  BOOM  SWING 

dOBS  ALL  JOBS! 


ROOTS  AND  LOADS  TIES 


LAYING  WELDED  RAIL 


72  ¥ASJ  CHANGE  ATTACHMENTS 


•  Forks 

•  l'/4  Cu.  Yd.  Bucket 

•  Tofe  Hook 

•  18'  Boom  Extension 

•  Fork  Tie  Baler 

•  Track  Cleaning  Bucket 


Back  Hoe 

Clamshell 

Bock  Filler  Blade 

Pull  Drag  Bucket 

4  Cu.  Yd.  Snow  Bucket 

Pile  Hammer 


Optional  Attachment 
Flanged  Wheels,  Hydroulicolly  Controlled 

PETTIBONE  MULLIKEN  CORPORATION 


141    W.  JACKSON 


CHICAGO  4,  ILL 


9     WIDE   TRACK    CLEANING   BUCKET" 


80  Years  of  Service 
to  the  Railroad  Industry 


THE  DOUBLE  U  RAIL  ANCHOR 

ACHUFF  RAILWAY  SUPPLY  CO. 
ST.  LOUIS,  MO. 


TRACK  SPECIALTIES 


"Quality  Trackwork  Since   1884" 


Frogs    •    Switches    •    Crossings   •    Guard  Rails   •    Standard  and  Manganese  Switch 
Point  Guards    •    Standard   and   Automatic   Switch   Stands    •    Mechanical   Switchman 

•  Rerailers    •    "Cleveland    Adjustable"    and    "Evertite"    Rail    Braces    •    Cleveland 
Rocl<er  Clips  and  Vertical   Rods   •   Gage  Rods   •   Connecting  Rods   •   Rail  Fasteners 

•  Rail  Clips  •   Cast  Manganese  Steel  Guard  Rails  •  Adjustable  Guard  Rail  Clamps 

•    Rail   Threaders    •    Welded    Rail 
Pettibone   Speed   Swing   Models   441 A   &   442 A    •    Bucket  Loaders    •    Track   Cranes 

•  Motor    Graders     •     Material    Handling    Equipment     *     Pettibone    Multi-Kranes 

15000/70000   Capacities    •    Mercury    Lift   Trucks 

CLEVELAND 
FROG  AND  CROSSING  CO. 

SUBSIDIARY  OF  PETTIBONE  MULLIKEN  CORPORATION 

6917  Bessemer  Ave.  S.E.  Cleveland,  O.  44127 

216/641-4000 


KEEPING  TRACK 
IS  OUR  BUSINESS! 


NCG 


O  I9W.  CHEMETRON  CORPORATION 


NATIONAL  CYLINDER  GAS 

DIVISION   OF  CHEMETRON   CORPORATION 


RAILROAD    EQUIPMENT    DEPARTMENT 

840    NORTH    MICHIGAN    AVE.,  CHICAGO,    ILLINOIS    60611 

/CHEMETRON/ 


How  many  miles  of  RAIL  ANCHORS 
do  you  have  to  reset? 


Unless  you  already  have  an  effective  anchor 
tightening  program,  chances  are  many  rail 
anchors  installed  on  your  line  two  or  more 
years  ago  have  pulled  away  from  the  ties.  It's 
easy  to  see  that  these  loose  anchors  are  not 
doing  the  job  for  which  they  were  intended, 
and  might  just  as  well  not  be  there. 

Tightening  anchors  by  hand  is  impractical.  Even 
if  you  could  afford  enough  manpower,  driving 
anchors  longitudinally  with  a  maul  reduces 


their  holding  power.  And  of  course  replacing 
all  loose  anchors  is  far  too  expensive. 
The  only  practical  —  and  economical  —  answer 
is  a  Racine  Anchor-Tight.  One  machine  can 
reset  up  to  IV2  miles  of  anchors  100%  tight 
against  the  ties  in  a  single  day. 

To  get  full  efficiency  from  your  rail  anchors, 
and  reduce  track  lining  and  resurfacing,  put 
Racine  Anchor-Tight  to  work  now.  Call  your 
Racine  Distributor  or  write  for  details.  ^^.^^ 


RACINE  HYDRAULICS  &  MACHINERY,  INC. 

V^YJIQTTTiV  MACHINERY  DIVISION       •       RACINE,  WISCONSIN  53404 

Racine   has  the  tool   for  the  job  .^^^^^^^^^^ 

ANCHOR-FAST  •  ANCHOR-TIGHT  •   RAIL  SAW  •  RAIL  DRILL  •  KROP-MASTER   .   OIL  PRESSOR   •   UNIT  TAMPER    •   TRACK  GAUGER 


ECONOMICAL  TRACK  DRAINAGE 
■■  \SPBJO\  B^llsst  Cleaning 


&os-Scction  showing  little  or  poor  drainage  before  Ballad  Cleaninf. 


The  transformation  in 
drainage  conditions  shown 
in  these  photos  was 
accomplished  with  a 
SPENO  Ballast  Cleaning 
Machine . . .  Time  Tested 
—  and  Proved  — Year 
after  Year  on  the  railroads 
of  the  Nation. 

For  just  a  few  pennies 
per  track  foot  you  can 
have  good  track  drainage 
that  saves  maintenance 
dollars. 


THE  TRASCO  CAR   RETARDER 

HUNDREDS  IN  SERVICE 
IN  CLASS  YARD  TRACK 


TRACK  SPECIALTIES  COMPANY 

P.O.  BOX  729  WESTPORT,   CONNECTICUT 
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